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TUMOR NECROSIS FACTOR-o AND RECEPTORS 



BACKGROUND OF THE INVENTION 



The present invention relates generally to cytokine receptors and more specifically to tumor necrosis 
5 factor receptors. 

Tumor neaosis factor-a (TNFo. also known as cachectin) and tumor necrosis factor-^ (TNF^. also 
known as lymphotoxin) are homologous mammalian endogenous secretory proteins capable of Inducing a 
*Mde variety of effects on a large number of ceil types. The great similarities In the stiuctural and functional 
characteristics of these two cytokines have resulted in their collective description as "TNF." Complementary 

TO cDNA clones encoding TNFa (Pennica et al*, A/ature 3?5!:724, 1984) and TNF/9 (Gray at al.. Nature 
3/2:721. 1884) have been isolated, permitting further structural and biok>gical characterization of TNF. 

TNF proteins initiate their biotogk:al effect on celts by binding to specific TNF receptor CTNF-R) proteins 
expressed on the plasma membrane of a TNF-responsive cell. TNFo and TNF/8 were first shown to bind to 
a common receptor on the human cervical carcinoma cell Hne ME-180 (Agganwal et al.. Nature 

ts 3/0:885.1885). Estimates of the size of the TNF-R determined by affinity labefing studies ranged from 54 to 
175 kOa (Creaaey et al. Proc Nati, Acad. $cK USA 94:3283. 1987; Stauber et at.. J. BioL Cham. 
263:19098. -1988; Hohmann et al.. J. Bid. Chem, 2M14827. 1989). Although the relationship between 
tt^ese TNF-Ra of different molecular mass Is unclear. Hohmann et al. (d B!ol. Chem. 264:14927, 1989) 
reported that at least two different cell surface receptors for TNF exist on different cells kOa, respectively. 

20 None of the above pubBcations. however, reported tiie purification to homogeneity of cell surface TNF 
receptors. 

In addition to cell surface receptors for TNF. soluble proteins from ht^an urine capable of bincfing TNF ' 
have also been identified (Peetre et al.. Eur. J. Haematol. 41AU, 1988; Secklnger et al.. J. Exp, Med. 
/67:1511. 1988: Seddnger et al.. J, BtoL Chem. 254:11966. 1989; UK Patent AppBcatfon. PiArf. No, 2 218 

25 101 A to Seckinger et al.; Engelmann et al.. J. Biol. Chem. 264:11974. 1989). The soluble urinary TNF 
binding piotein disck>8ed by UK 2 218 101 A has a partial N-terminal amino add sequence of Asp-Ser-VaK 
Cys-Pro-. whteh corresponds to the ptftial sequence dlsck>sed later by Engelmann et al. (1989). The 
relationship of ttM above soluble urinary binding proteins was furtt^er elucidated after original parent 
appQcatkxi (U.8. Serial Na 403,241) of the present appficatkm was filed, when Engelmann et al. reported 

JO tite identification and purification of a second distinct soluble urinary TNF binding protein having an N- 
tarminal amino acid sequence of Val-Ala-Phe-Thr-Pro- {J. Bhl. Chem. 26ft1531. 1990). The two urinary 
proteins disckjsed by the UK 2 218 101 A and tiie Engelmann et al. publications were shown to be 
immunochemk:alty related to two apparentty distinct ceK surface proteins by the ability of antiserum against 
the binding proteins to inhibit TNF binding to certain cells. 

36 More recentiy. two separate groups reported the ntolecutar ctoning arid expression of a human 55 IcDa 
TNF-R (Loetscher et al.. Cell 6f:351, 1990; Schall et aL, Cell 6/361, 1990). The TNF-R of both groups has 
an l^erminal amino add sequence whk:h conresponds to tiw partial amino add sequence of the urinary 
binding protein disclosed by UK 2 218 101 A. Engelmann et al. (1989) and Englelmann et al. (1990). 

In order lo etuddate the relationship of the multiple forms of TNF-A and sokible urinary TNF bindng 

40 proteins, or to study the structural and bloksgical characteristics of TNF-Rs and the role played by TNF-Rs 
in the responses of various cell populations to TNF or otfwr cytokine stimulation, or to use TNF-Rs 
effectively bi timpy. diagnosis, or assay, purified compositions of TNF-R are needed. Such compositions, 
however, m obttfnablo ki practical yiekls only by doning and expressing genes encoding the receptors 
using recombinant DNA technotogy. Eflorst to purify tiie TNF-R molecule for use in biochemical analysis or 

46 to Clone and express maitwnafian genes encoding TNF-R. however, have been impeded by lack of a 
suitable mace of receptor protein or mRNA. Prior to the present invention, no cell Ones were known to 
express high levels of TNF-R constitutively and continuously, whteh precluded purification of receptor for 
sequendng or construction of genetic libraries for cONA doning. 

so 

SUMMARY OF THE INVENTION 



The present invention provides isolated TNF receptors and DNA sequences encoding mammafian 
tumor necrosis factor receptors (TNF-R). in particular, human TNF-Rs. Such DNA sequences include (a) 
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cDNA clones having a nucteotid sequence derived from the coding region of a native TNF-R gene: (b) 
ONA sequences which are capabi of hybridization to the cDNA clones of (a) under moderately stringent 
conditions arxl which encode biologically activ TNF-R molecules; or (c) ONA sequences which ar 
degenerate as a result of the genetic code to the DNA sequences defined in {a) and (b) and which encode 

s biologically active TNF-R molecules. In particular, the present invention provides DNA sequences which 
encode soluble TNF receptors. 

The present invention also provides recombinant expression vectors comprising the DNA sequences 
defined above, recombinant TNF-R molecules produced using the recombinant expression vectors, arvd 
processes for producing the recombinant TNF-R molecuJes using the expression vectors. 

to The present invention also provides isolated or purified protein compositions comprising TNF-R, and, in 
particutar, soluble forms of TNF-R. 

The present invention also provides compositions for use in therapy, diagnosis, assay of TNF-R. or in 
raising antibodies to TNF-R, comprising effective quantities of soluble native or recombinant receptor 
proteins prepared according to the foregoing processes. 

75 Because of the ability of TNF to specifteaily bind TNF receptors (TNF-Rs), purified TNF-R compositions 
vrill be useful in diagnostic assays for TNF. as well as in raising antibodies to TNF receptor for use in 
diagnosis and therapy. In addition, purified TNF receptor compositions may be used directly in therapy to 
bind Of scavenge TNF. thereby providing a means for regulating tiie Immune activities of this cytoldne. 
These and other aspects of tt>e present invention will become evident upon reference to tiie following 

20 detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2S 

Figure 1 is a schematic representation of the coding region of various cONAs encoding human and 
murine TNF-Rs. The leader sequence is hatched and tiie transmembrane region is solid. 
Rgure 2A-2B depict the partial cDNA sequence and derived amino acid sequence of the human TNF-R 
clone 1. Nucleotides are numbered from the beginning of the s' untranslated region. Amino acids are 
30 numbered from the beginning of the signal peptide sequence. The putative signal peptide sequence is 
represented by ttie amino acids -22 to -1. The N-tarminal leucine of the mature TNF-R protein ts 
underlined at position 1. The predicted transmembrane region from amino adds 236 to 26S is also 
underilned. The C-termini of varioue soluble TNF-Rs are marked witit an arrow (ty. 
Rgure 3A-3C depict the cDNA sequence and derived amino add sequence of murine TNF-R clone li- 
as The putative signal peptide sequence Is represented by amino acids -22 to -1. 1. The N-lenminai valine 
of tire mature TNF-R protein id underlined at position 1. The predicted transmembrane region from 
amino adds 234 to 265 is also underlined. 

DETAILED DESCRIPTION OF THE INVENTION 

40 



Definitions 

45 As used herein, the terms "TNF receptor" and "TNF-R" refer to proteins having amino add sequences 
which are substantia similar to the native mammalian TNF receptor amino add sequences, and which are 
biologically active, as defined t>elow, in tiwt tt\ey are capable erf bindng TNF molecules or transdudng a 
biologic^ signal Initiated by a TNF molecule binding to a cell, or cross-reacting witii smti-TNF-R antibodies 
raised against TNF-R from natural (l.e.. nonreoombinant) sources. The mature full-tengtii hunrwn TNF-R Is a 

50 glycoprotein having a nwlecular weight of about 80 Wlodaltons (kDa), As used tiwoughout the spedfication. 
the tenn "mature" means a protein expressed in a form lacking a leader sequence as may be present in 
full-length transcripts of a native gene. Experiments using COS ceils transfected witt> a cONA encocfing full- 
length human TNF-R shov(ed that TNF-R bound '»l-TNFa with an apparent K. of about 5 x 10» M-\ and 
tttat TNF-R bound *»I-TNF4 with an apparent K. of about 2 x 10» W. The terms "TNF receptor" or "TNF- 

56 R" Include, but are not limited to, analogs or subunits of native proteins having at least 20 amino adds and 
which exhibit at least some biological activity in common wltti TNF-R, for example, soluble TNF-R 
constnjcts which are devoid of a transmembrane region (and are secreted from the cell) but retain the 
ability to bind TNF. Various bioequivalent protein and amino add analogs are described in detail below. 
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The nomenclature for TNF-R analogs as used herein follows the convention of naming th protein (e.g.. 
TNF-R) preceded by either hu (for human) or mu (for murine) and followed by a A (to designate a deletion) 
and the number of the Olenminai amino acid. For example, huTNF-RA235 refers to human TNF-R having 
Asp°5 as the C-terminal amino acid (I.e.. a polypeptide having the sequence of amino acids 1-235 of Rgure 

5 2A). In the absence of any human or murine species designation. TNF-R refers genericaily to mammalian 
TNF-R. Simllarty, in the absence of any specific designation for deletion mutants, the term TNF-R means all 
forms of TNF-R, including mutants and analogs which possess TNF-R biological activity. 

"Soluble TNF-R* or "sTNF-R" as used in the context of the present Invention refer to proteins, or 
substantially equivalent analogs, having an amino add sequence corresponding to all or part of the 

10 extracellular region of a native TNF-R, for example. huTNF-RA235. huTNF-RA185 and huTNF-RAie3. or 
amino acid sequences substantially similar to the sequences of amino acids 1-163. amino acids 1-185, or 
amino adds 1-235 of Figure 2A. and which are biologteally active In that they bind to TNF llgand. 
Equivalent soluble TNF-Rs include polypeptides which vary from these sequences by one or more 
substitutions, deletions, or additions, and which retain the ability to bind TNF or inhibit TNF signal 

1$ transduction acth/ity via cell surface bound TNF receptor proteins, for example huTNF-RAx, wherein x is 
selected from the group consisting of any one of amino adds 163-235 of Figure 2A. Analogous deletions 
may be made to muTNF-a Inhibition of TNF signal transduction activity can be determined by transfecting 
ceils with recombinant TNF-R DNAs to obtain recombinant receptor expression. The cells are then 
contacted with TNF and the resulting metaboOc effects examined, if an effect results which Is attributable to 

X the action of the llgand, then the recombinant receptor has signal transduction activity. Exemplary 
procedures for determining whether a polypeptide has signal transduction activity are disdosed by Idzerda 
et ai., J. ficA Wetf, f 7f:861 (1990): Curtis et al.. Proc NatL Acad. ScL USA fi&3045 (1989); Prywes et al., 
EMBO J. 6:2179(1988) and Chou et al., J. S/o/, Chem. 262:1842 (1987). AltematNely, primary cells or cell 
lines which express an endogenous TNF receptor and have a detectable biological response to TNF could 

25 also be utilized. 

The term isolated" or "purified", as used in the context of this specification to define the purity of 
TNF-R protein or protein compositions, means that the protein or protein oomposition is substantially free of 
other proteins of natural or endogenous origin and contains less than about 1% by mass of protein 
contaminants residual of production processes. Such compositions, however, can contain other proteins 

X added as stabiBzers. carriers, exdpients or co-therapeutics. TNF-R is isolated if it is detectable as a single 
protein band In a potyacrylamide gel by silver staining. 

The tamn "substantially similar," when used to define either amino add or nucleic add sequences, 
means that a particular subject sequence, for example, a mutant sequence, varies from a reference 
sequence by one or more substitutions, deletions, or additions, the net effect of which is to retain biological 

as activity of the TNF-R protein as may be determined, for example. In one of the TNF-R binding assays set 
forth in Example 1 below. Altemathrely. nudeic add subunfts and analogs are "substantially similar" to the 
spedfte ONA sequences cOsclosed herein if: (a) the ONA sequence Is derived f^ the coding region of a 
native mammalian TNF-R gene: (b) the ONA sequence is capable of hybridization to DNA sequences off (a) 
under moderately stringent condtions (50*C» 2x SSC) and which encode biologically actWe TNF-R 

40 molecules: or DNA sequences which are degenerate as a result of the genetic code to the DNA sequences 
defined in (a) or (b) and which encode biologically active TNF-R molecules. 

•Recombinant" as used herein, means that a protein is derived from recombinant (e.g.. microbial or 
mammafian) expression systems. "Microbial" refers to recombinant proteins made In bacterial or fungal 
(e.g., yeast) expression systems. As a product, "recombinant microbial" defines a protein produced in a 

4$ microbial expression system which is essentiaHy free of native endogenous substances. Protein expressed 
in most bactavial cultures. e.g., £ coK win be free of glycan. Protein expressed in yeast may have a 
glycoeylation pattern different from that expressed In mammalian cells. 

"Bloiogicalty active,* as used throughout the specification as a characteristie of TNF receptors, means 
that a particular molecule shares sufficient amino add sequence similarity wHh the embodiments of the 

so present invention disdosed herein to be capable of binding detectable quantities of TNF. transmitting a TNF 
stimulus to a celt, for example, as a component of a hybrid receptor construct or cross-reacting with anti- 
TNF-R antibodies raised against TNF-R from natural (l.e., nonrecomt^nant) sources. Preferably, bloiogicalty 
active TNF receptors within .the scope of the present Invention are capable of binding greater than 0.1 
nmoles TNF per nmole receptor, and most preferably, greater than 0.5 nmole TNF per nmole receptor in 

55 standard binding assays (see below). 

"Isolated DNA sequence* refers to a DNA polymer. In ti)e form of a separate fragment or as a 
component of a larger DNA constnict. which has been derived from ONA isolated at least once In 
substantially pure form, i.e., free f contaminating ndogenous materials and in a quantity or concentration 
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enabling identification, manipulation, and recovery of the sequence and its component nucleotide se- 
quences by standard biochemical methods, lor example, using a cloning vector. Such sequences are 
preferably provided in the form of an open reading frame uninterrupted by internal nontranslated se- 
quences, or introns. which are typically present iri eukaryotic genes. Genomic DNA containing the relevant 

5 sequences could also be used as a source of coding sequences. Sequences of non-translated DNA may be 
present s' or 3 from the open reading frame, where the same do not interfere with manipulation or 
expression of the coding regions. 

"Nucleotide sequence" refers to a hetoropdymer of deoxyribonucleotides. DNA sequences encoding 
the proteins provided by this invention can be assembled from cONA fragnrwits and short oligonucleotide 

JO linkers, or from a series of oligonucleotides, to provide a synthetic gene which Is capable of being 
expressed In a recombinant transcriptional unit. 



Isolation of cDNAs Encoding TNF-R 

76 

The coding sequence of TNF-R is obtaMed by isolating a complementery DNA (cDNA) sequence 
encoding TNF-R from a recombinant cDNA or genomic DNA library, A cONA fibrary is preferably 
constructed by obtaining polyadenylated mRNA from a particular cell fine which expresses a mammalian 
TNF-a for example, the human fibroblast cell line W-ZB VA4 (ATCC CCL 95.1) and using the mRNA as a 

20 template for synthesizing double stranded cONA. The double stranded cDUA is then packaged into a 
recombinant vector, which is Introduced into an appropriate £ ed! strain and propagated. Murine or other 
mammalian cell lines which express TNF-R may also be used. TNF-R sequences contained In the cDNA 
library can be readily Wentifled by screening the library with an appropriate nucleic add probe which is 
capable of hybricflzing with TNF-R cDNA. Alternatively. DNAs encodng TNFR proteins can be assembled 

25 by Pgation of synthette oHgonucleotide subunits corresponding to all or part of the sequence of Figures 2A- 
2B or 3A-3C to provide a complete coding sequence. 

The human TNF receptor cDNAs of the present invention were isolated by the method of direct 
expression cloning. A cDNA library was constmcted by first tsdadng cytoplasmic mRNA from the human 
fibroblast cell One W-28 VA4. Polyadenylated RNA was Isolated and used to prepare double-stranded 

30 cDNA. Purified cDNA fragments were then ilgated into pCAV/NOT vector DNA which uses regulatory 
sequences derived from pOC201 (a derivative of pMLSV. previously described by Cosman et al.. Nature 
3/2:788. 1964), SV40 and cytomegatovirus DNA. described in detail bekDw In Example Z. pCAV/NOT has 
been deposited with the American Type Culture Collection under accesskxt No. ATCC 68014. The 
pCAV/NOT vectors containing the W126-VA4 cDNA fragments were transfomned into £ coU strain DH5a. 

0$ Transformants were plated to provide approximately 800 colonies per plate. The resulting colonies were 
harvested and each pool used to prepare plasmid DNA for transfectlon into COS-7 celts essentially as 
described by Cosman et al. (Nnttn 3f2:788. 1984) and Luthman et al. {NucL Add Res, n:l295. 1983). 
Transformants expressing btotogteally actWe ceil surface TNF receptors were Wentifled by screening for 
their ability to bind ^»I-TNF. In this screening approach, transfected COS-7 cells were Incubated with 

40 medium containing '»I-TNF, the celts washed to remove unbound labeled TNF. and the cell monolayers 
contacted with X-ray film to detect concentrations of TNF binding; as disctosed by Sims et al, Science 
24y:585 (1988). Transfectants detected In this manner appear as dark fod against a relatively light 
background. 

Using this approach, approximately 240.000 cDNAs were screened in pools of approximately 800 
45 cONAs until assay of one transfectant pod indicated posilhw fod for TNF binding. A frozen stock off 
bacteria from tWs positive pool was grown in culture and plated to provide indivWual colonies, which were 
screened untfl a single clone (done 1 1) was Wentifled whfch was capable of direcflng synthesis of a surface 
protein with detectable TNF Wndng activity. The sequence of cDNA ctone 11 isolated by the above metiiod 
is depicted in Figures 3A-3C. 
50 Ad(fitk)nal cDNA donee can be isolated from cDNA Bbrarieo of other mammalian species by cross- 
spedes hybridlzafion. For use In hybridization. DNA encoding TNF-R may be covalently labeled with a 
detectable substance such as a fluorescent group, a radioactive atom or a chemilumkwscent group by 
methods well known to those skilled In the art Such probes couW also be used for ^n Wtro diagnosis of 
particular conditions. 

55 Uke most mammaflan genes, mammalian TNF receptors are presumably encoded by multi-exon genes. 
Alternative mRfslA constructs which can be attributed to different mRNA s^\c^nQ events foltowing Uanscrip- 
tlon. and whteh share iarg regtons of Identity or similarity with the cONAs daimed herein, are considered 
to be within the scope of the present invention. 
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Other mammatian TNF-R cDNAs ar isolated by using an appropriate human TNF-R DNA sequenc as 
a probe for screening a particular mammalian cONA library by cross-spedes hybridization. 



5 Proteins and Anatogs 

The present Invention provides isolated recombinant mammalian TNF*R polypeptides. Isolated TNF-R 
polypeptides of this invention are substantially free of other contaminating materials of natural or endog- 
enous origin and contain less than about 1% by mass of protein contaminants residual of production 
fo processes. The native human TNF-R molecules are recovered from cell lysates as glycoproteins having an 
apparent molecular weight by SOS-PAQE of about 80 kilodaltons (kOa). Ihe TNF-R polypeptides of this 
invention are optionaity without associated native-pattem glycosylatlon. 

Mammalian TNF-R of the present invention includes, by way of example, primata. human, marine, 
canine, feline, bovine, ovine, equine and porcine TNF-R. MammaRan TNF-Rs can be obtained by cross 

19 species hybridization, using a single stranded cONA derived from the human TNF-R DNA sequence as a 
hybri(fizatkm probe to isolate TNF-R cONAs from mammalian cONA libraries. 

Derivatives of TNFR within the scope of the invention also include various structural forms of the 
primary protein wNch retain biological activity. Due to the presence of ionlzable amino and carboxyl groups, 
for example, a TNF-R protein may be in the form of acidic or basic salts, or may be tn neutral form. 

20 Individual amino add residues may also be modified by oxidation or reduction. 

The primary amino add structure may be modified by forming covaient or aggregative coniugates with 
other chemical moieties, such as giycosyl groups, lipids, phosphate, acetyl groups and the Ska. or by 
creating amino add sequence mutants. Covaient derivatives are prepared by Unking particular functional 
groups to TNF-R amino add side chains or at tt\e N-or C-temtini. Other dertvaih/es of TNF-R within the 

28 scope of this invention include covaient or aggregative conjugates of TNF-R or its fragments with other 
proteins or polypeptides, such as by synthesis in recombinant culture as N-termlnat or C-tarmtnal fusions. . 
For example, the conjugated peptide may be a a signal (or leader) polypeptMe sequence at the N-tenninal 
region of the protein which co-transtatk)nal]y or post-translattonaity drects transfer of the protein from its 
site of synthesis to its site of function Inside or outside of the cell membrane or wall (e.g.. the yeast a-factor 

90 leader). TNF-R protein fusions can comprise peptides added to fadtttate purification or ldenttficatk)n of TNF- 
R (e.g., poly-His). The amino add sequence of TNF receptor can also be linked to the peptide Asp-Tyr-Lys- 
Asp- Asp-Asp-Asp-Lys (DYKDDOOK) (Hopp et al.. Blo/Technofogy 6t1204.198a) The latter sequence is 
hi^ antigenk: and provides an epitope reversibly boimd by a spedflc monock3nal antftxxly. enabfing 
rapid assay and fadle purification of expressed recombinant prot^ This sequence Is also specifically 

38 cleaved by bovine mucosal enteroidnase at the residue immediately folkiwing the Asp-Lys pairing. Fusion 
proteins capped with this peptide may also be resistant to intracellular degradatton in £ co!h 

TNF-R derivatives may also be used as immunogens. reagents in receptor-based Immunoassays, or as 
binding agents for affinity purification proceditfes of TNF or other bincBng Uganda. TNF-R derivatives may 
also be obtained by cross-Onktng agents, such as M-maleimklobenzoyI sucdnimide ester and N-hydrox- 

40 ysucdnimide, at cysteine and lysine residues. TNF-R proteins may also be covalentty bound through 
reactive side groups to various insduble substrates, such as cyanogen bromide-actlvatad. bisoxlrane- 
activated, carbonyldiimldazote-acttvated or tosyl-actfvatsd agarose structures, or by adsorbing to polyoiefln 
surfaces (with or without glutaraklehyde cross-linking). Once bound to a substrate, TNF-R may be used to 
selectWely bind (for purposes of assay or purifteation) antl-TNF-R antibodies or TNF. 

48 The present invention also indudes TNF-R with or without associated natlve-paUero gtycosylation. TNF- 
R expressed in yeast or mammafian expresskm systems. e.g.. CX>$-7 ceils, may be similar or sllghtty 
different in molecuiar weight and gtycosylation pattern than the nattve molecules, depencfing upon the 
expression system. Expression of TNF^R DNAs in bacteria such as E eo// provides non-glycosylatod 
molecules. Functional mutant analogs of mammalian TNF-R having inacttvated N^jlycosylatkm sites can be 

80 produced by oUgonudeotide synthesis and BgaHon or by site-specHte mutagenesis technkjues. These 
anak)g proteins can be produced In a homogeneous, reducedcarbohydrato fbnn In good yield using yeast 
expression systems. N-glycosylation sites in eukaryotic proteins are characterized by the amino add tripM 
Asn-At-Z. where Ai is any amfrw add except Pro. and Z Is Ser or Thr. In this sequence, asparagtne 
provides a side chain amino group for covaient attachment of carbohydrate. Such a site can be eHmlnated 

58 by substituting another amino add for Asn or for residue Z, deleting Asn or Z. or inserting a non-Z amino 
add between Ai and Z. or an amino add other than Asn between Asn and Ai. 

TNF-R derivathres may also be otstained by mutations of TNF-R or its subunits. A TNf^R mutant, as 
referred to herein, is a polypeptide homologous to TNF-R but whfch has an amino add sequence diffiarent 
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from native TNF-R because of a deletion, insertion or substitution. 

BloequivaJent analogs of TNF-R proteins may be constructed by. for example* making various 
substitutions of rasldu s or sequences or deleting terminal or internal residues or sequences not needed for 
biological activity. For example, cysteine r sidues can be deiet d (e.g.. Cys*'») or replaced with other 

5 amino acids to prevent formation of unnecessjnry or incorrect intramolecular disulfide bridges upon 
renaturation. Other approaches to mutagenesis involve modification of adjacent dibasic amino add residues 
to enhance expression in yeast systems in which KEX2 protease activity is present. Qeneraily, substitutions 
should be made conservatively: i.e.. the most preferred substitute amino adds are those having 
physiochemical characteristics resembling those of the residue to be replaced. Similarly, when a detetion or 

10 insertion strategy Is adopted, the potential effect of tiie deletion or insertion on biologicai activity should be 
considered. SubstantiaJly similar polypeptide sequences, as defined above, generally comprise a itice 
number of amino adds sequences, although C-tenninal truncations for the purpose of constructing soluble 
TNF-Rs will contain fewer amino add sequences. In order to preserve the biological activity of TNF-Rs, 
deletions and substitutions wilt preferably result in homoloQOus or conservatively substituted sequences. 

15 meaning that a given residue Is replaced by a biologically similar residue. Examples of conservative 
substitutiofu indude substitution of one aliphatic residue for another, such as lie. Val. Leu. or Ala for one 
another, or substitutions of one polar residue for another. siK:h as between Lys and Arg; Qlu and Asp: or 
Gin and Asn. Other such conservative substitutions, for example, substitutions of entire regions having 
similar hydrophobldty characteristics, are well known. Moreover, particular amino add differences between 

20 human, murtne and ottier mammalian TNF-Rs is suggestive of additional consewatiye substitutions ttiat 
may be made without altering the essential biotogical characteristics of TNF^ 

Subunits of TNF-R may be constmcted by deleting terminal or internal resklues or sequences. 
Particularly preferred sequences indude ttiose in which tt)e transmembrane regk>n and intracellular domain 
of TNF-R are deleted or sid^stituted wHh hydrophilic residues to facilitate secretion of tiie receptor Into the 

28 cell culture medium. The resulting protein Is referred to as a soluble TNF-R molecule whteh retains its 
ability to bind TNF. A particularly preferred soluble TNF-R construct is TNF-RA235 (the sequence of amino 
adds 1-235 of Figure 2A), whfch comprises the entire extracellular region of TNF-R, terminating with Asp?* 
Immediately adjacent tt» transmembrane regton. Additional amino adds may be deleted from the trans- 
membrane region while retaining TNF binding activity. For example. huTNF-RAIBS whteh comprises ttiB 

30 sequence of amino adds 1-183 of Figwe 2A. and TNRRA163 whteh comprises ttw sequence of amino 
adds 1-183 of Figure 2A, retain ttie ability to bind TNF ligand as determined using the binding assays 
described below In Example 1. TNF-RA142. however, does not retain tt« abiBty to bind TNF Ogand. This 
suggests ti>at one or botti of Cys*'' and Cys^" Is required for fomnation of an intramolecular disulfide 
bridge for the proper folding of TNF-R. Cys*", which was deleted without any apparent adverse effect on 

3S ttw ability of tt» soluble TNF-R to bind TNF, does not appear to be essential for proper foWing of TNF-R. 
Thus, any deletion C-terminal to Cys*«» wouW be expected to result In a biotogically active soluble TNF^. 
The present Invention cctfTtemptetes such sohible TNF-R constructs conresponding to all or part of ttie 
extracellular region of TNF-R terminating witti any amino add after Cys*«*. Ottier C-terminal deletions, such 
as TNF-FA157. may be made as a matter of convenience by cutting TNF-R cONA with appropriate 

40 restriction enzymes and, If necessary, reconstructing specific sequences wtth synthetic oligonucleotide 
Dnkers. Tfw resulting soluble TNW^ constructs are ttwn inserted and expressed In appropriate expression 
vectors and assayed for tiie ability to bind TNF. as described in Exampto 1. Btetogteally active soluble TNF- 
Rs resulting from such constructions are also contemplated to be within tiw scope of tiie present Invention. 
Mutations in nucleotide sequences constructed for expression of anatog TNF^^ must of course, 

49 presenm ttie reading frame phase of the coding sequences and preferably will not create complementary 
regions ttuit could hybritfze to produce secondary mRNA structures such as toops or hairpins which would 
adversely affect translatfon of the receptor mRNA. Atthough a mutation site may be predetermined. It Is not 
necessary that the nature of the mutation per se be predetermined. For example, in order to select for 
optimum characteristics of mutants at a given site, random mutagenesis may be conducted at tt^e t»get 

50 codon and ti>e expressed TNF-R mutants screened for the desired activity. 

Not alt mutations in ttie nucleotide sequence which encodes TNF-R will be expressed in tt» final 
product for example, nucleotide substitutions may be made to enhance expression, prinwily to avoid 
secondary structure loops in the transcribed mRNA (see EPA 75,444A. incorporated herein by reference), 
or to provide codons ttiat are more readily translated by tt» selected host e.g.. tiw well-known £ cofl 
6S preference codons for E cotl expression. 

Mutations can be introduced at particul» tod by synlh sizing ollgonudeotides containing a mutant 
sequence, flanked by restriction sites enabfing ligation to fragments of tti native sequence. Following 
ligation, the resulting reconstructed sequence encodes an anatog having tii desired amino add insertion. 
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substitution, or deletion. 

Alternatively, oligonucleotide-directed site-specific mutagenesis procedures can be employed to provide 
an altered gene having particular codons altered according to the substitution, deletion, or insertion 
required. Exemplary methods of making the alterations set forth above are disclosed by Walder et at. (Gene 
42:133. 1986); Bauer et al. {Gene 1985); Craik (BtoTechnfques, January 1985, 12-19); Smith et al, 

[Genetic Engineering: Prindples end Methods, Plenum Press. 1981); and U.S. Patent Nos. 4,518,564 and 
4,737,462 disclose Suitable techniques, and are incorporated by reference herein. 

Both monovalent forms and polyvalent forms of TNF-R are useful in the compositions and methods of 
this Invention. Polyvalent fonns possess multiple TNF-R binding sites for TNF flgand. For example, a 
bivalent soluble TNF-R may consist of two tandem repeats of amino acids 1-235 of Rgure 2A, separated by 
a linker region. Aternate polyvalent forms may also be constnxted, for example, by chemteally coupling 
TNF-R to any clinfcally acceptable carrter molecule, a polymer selected from the group consisting of Rcoll, 
polyethylene glycol or dextran using conventional coupling techniques. Alternatively, TNF-R may be 
chemically coupled to blotin, the biotin-TNF-R conjugate then alkwved to bind to avidin. resulting in 
tetravalent avidin^biotin/TNF-R molecules. TNF-R may also be covalently coupled to dlnitrophenol (DNP) or 
trinitrophenol (TNP) and the resulting conjugate precipitated with antl-DNP or antl-TNP-lgM. to fonn 
decameric conjugates with a valency of 10 for TNF-R binding sites, 

A recombinant chimeric antibody molecule may also be produced having TNF-R sequences substituted 
for the variable domains of either or both of the immunoglubulin molecule heavy and chains and 
having unmo<fified constant region domains. For example, chimeric TNF-R/lgQt may be produced from two 
cWmeric genes - a TNF-R/human m Hght chain chimera (TNF-R/C,) and a TNF-R/human 71 heavy chain 
chimera (TNF-R/C^i). Foltewing transcrtption and Iranslatton of the two chimeric genes, the gene products 
assemble into a single cWmertc antibody molecuie having TNF-R displayed blvalently. Such polyvalent 
forms of TNF^R may have enhanced binding affinity for TNF Hgand. AddWonai details relating to the 
construction of such chimeric antibody molecules are disctosed in WO 89/09622 and EP 31506^ 



Expression of Recombinant TNF-R 

The present Invention provides recombinant expression vectors to amplify or express DMA encoding 
TNF-R. Recombinant expression vectors are repficable ONA constructs which have synthette or cONA- 
derived DNA fragments encodng mammalian TNF-R or bioequivalent analogs operaWy finked to suitable 
transcriptional or translatk>nal regulatory elements derived from mammalian, mk:robial, viral or insect genes. 
A transcriptkxial unit generally comprises an assembly of (1) a genetic element or elements having a 
regulatory role in gene expression, for example, Iranscripttonal promoters or enhancers. (2) a structural or 
coding sequence which is transcribed into mRNA and translated into protein, and (3) appropriate transcrip- 
tion and translalkKi initiation and tennlnatton sequences, as described in detail betow. Such regulatory 
elements may Include an operator sequence to control transcriptton. a sequence encodng suitable mRNA 
ribosomal biwflng sites. The ability to replteate In a host, usually confenred by an origin of replteation, and a 
selection gene to facilitate recognition of translonmants may additionally be incorporated. DNA regions are 
operably Hnked when they are functtonally related to each other. For example, DNA for a signal peptkle 
(secretory leader) is operably linked to ONA for a polypeptide If It is expressed as a iwecursor wWch 
partfcipatBs In the secretion of the polypeptWe; a promoter is operably linked to a coding sequence if It 
controls the transcriptton of the sequence; or a ribosome bindng site is operably Hnked to a coding 
sequence if it is positioned so as to permit translatton. Generally, operably linked means contiguous and, In 
the case of secretory leaders, contiguous and in reading frame. Stoicturai elements Intended for use In 
yeast expresston systems pceferrtJiy include a leader sequence enabling extraceHular secretkjn of trans- 
lated protebi by a host cell. Altemath^ely, where recombinant protein is expressed without a leader or 
transport sequence, it may kiclude an M-tennfrial methtonine resWue. This resWue may optionally be 
subsequently cleaved from the expressed recombinant protein to provkje a final product 

DNA sequences encocflng mammalian TNF receptors whteh are to be expressed In a mteroorganlsm 
wiU preferably contain no introns that couki prematurely tenninate transcriptton of DNA Into mRNA; 
however, premature termination of transcriptton may be desirable, for example, where ft woukl result in 
mutants having advantageous Oterminal tnmcations, for exampte, deietton of a transmembrane regton to 
yieto a soluble receptor not bound to the cell membrane. Due to code degeneracy, there can be 
considerable variatton In nudeotide sequences encodlno the same amino acid sequence. Other embodi- 
ments include sequences capable of hybridizing to the sequences of th provWed cDNA under moderately 
stringent conditions (50* C, 2x SSC) and ther sequences hybridizing or degenerate to those which encode 
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biologically activ TNF receptor polypeptides. 

Recombinant TNF-R DNA is express d or anriplified in a recombinant expression system comprising a 
substantially homogeneous monoculture of suitable host microorganisms, for exampi . bacteria such as £ 
CO// or yeast such as 5. cerevisiae» which have slably integrated (by transformation or transf action) a 
5 recombinant transcriptional unit into chromosomaf DNA or carry the recombinant transaiptlonal unit as a 
component of a resident plasmld. Generally, cells constituting the system are the progeny of a single 
ancestral transformant. Recombinant expression systems as defined herein wilt express heterologous 
protein upon induction of the regulatory elements linked to the DNA sequence or synthetic gene to be 
expressed. 

10 Transformed host cells are ceils which have been transformed or iransfected with TNF-R vectors 
constnjcted u«ng recombinant DNA techniques. Transfomied host cells ordinarily express TNF-R. but host 
cells transformed for purposes of cloning or amplifying TNF-R DNA do not need to express TNF-a 
Expressed TNF-R will be deposited in the cell membrane or secreted Into the culture supernatant 
depending on the TNF-R DNA selected. Suitable host cells for expression of mammalian TNF-R Include 
IS prokaryotes, yeast or higher eukaryotlc cells under the control of appropriate promoters. Prokaryotes 
include gram negative or gram positive organisms, for example £. coli or bacilli. Higher eukaryotic cells 
include established cell lines of mammalian origin as described below. Cell-free translation systems could 
also be employed to produce mammalian TNF-R using RNAs derived from the DNA constructs of the 
present invention. Appropriate cloning and expression vectors for use with bacterial, fungal, yeast and 
20 mammaUan cellular hosts are descril>ed by Pouwels et al. {Cloning Vectors: A Laboratory Manual. 
Elsevier. New Yortc. 1985)» the relevant disclosure of which is hereby incorporated by reference. 

Prokaryotic expression hosts may be used for expression of TNF-R that do not require extensive 
proteolytic and disulfide processing. Prokaryotic expression vectora generally comprise one or rrwe 
phenotypic selectable markers, for example a gene encoding proteins confenring antibiotic resistance or 
25 supplying an autotrophic requirement and an origin of replication recognized by the host to ensure 
amplification within the host Suitable prokaryotk; hosts for transformation include £ cofi. Bacillus subtilta, • 
Salmonella typhlmurlum, and various species within the genera Pseudomonas, Streptomyces, and 
StaphyoHxoccus, although others may also be emptoyed as a matter of choice. 

Useful expression vectors for bacterial use can comprise a selectable maricer and bacterial origin of 
30 repiicatfon derived from commercially available plasmWs comprising genetic elements of the well known 
cloning vector pBR322 (ATCC 37017). Such commercial vectors include, for example, pKK22M 
(Pharmacia Rne Chemicals. Uppsala, Sweden) and pGEMI (Promega Biotec. Madison, Wl. USA). These 
pBR322 'backbone* secttons are combined with an appropriate promoter and the structural sequence to be 
expressed. £ coll Is typically transformed using derivath^s of pBR322. a plasmkJ derived from an £ coli 
35 species (BoBvar et al.. Gene 2:95. 1977). pBR322 contains genes for ampkallin and tetracycline resistance 
and thus provides simple means for Identifytng transformed cells. 

Promoters commonly used in recombinant rrUcrobial expression vectors include the ^-lactamase 
<penk»IHnase) and lactose promoter system (Chang et al.. Nature 275:615. 1978: and Goeddel et al.. 
Nature 281:544, 1979). the tryptophan (trp) promoter system (Qoeddel et al.. NucL Acids Res, 3:4057. 
40 1980: and EPA 36.778) and tac promoter (Manlatis. Molecular Cloning: A Laboratory ManuaL CoW Spring 
Hartxjr Laboratory, p. 412. 1982). A partteulerty useful bacterial expression system empfc^ys the phage X Pl 
promoter and cl857ts thermolabile repressor. Plasmid vectors available from the American Type Culture 
Collection which incorporate derivatives of the X Pl promoter include plasmid pHUB2, resident in £ coll 
strain JI^B9 (ATCC 37092) and pPtx2a, resident in £ coll RR1 (ATCC 53082). 
45 Recombinant TWF-R proteins may also be expressed In yeast hosts, preferably from the Sao- 
c/)aroffi>ces spedes. such as S, cerevlstae. Yeast of other genera, such as PIchIa or Kluyveromyces 
may also be emptoyed. Yeast vectors will generaily contain an origin of repficatlon from the 2a yeast 
plasmid or an autonomously replicating sequence (ARS). promoter. DNA encoding TNF-R. sequences for 
polyadenylatton and transcription terminatfon and a selection gene. Preferably, yeast vectors will Include an 
50 origin of repScalkw and selectable mariner pennitting transformatton ci both yeast and £ coll, e.g., the 
ampidnin resistance gene of £ co// and S. cerevfslae TRPI or URA3 gene, which provides a selectton 
martter for a mutant strain of yeast lacking the ability to grow in tryptophan, and a promoter derived from a 
highly expressed yeast gene to induce transcription of a structural sequence downstream. The presence of 
the TRPI or URA3 lesten in the yeast host ceil genome then provides an effective environment for 
56 detecting transfomiation by growth in the absence of tryptophan or uradl. 

Suitable promoter sequences In yeast vectors include the promoters for m taltothionein. 3- 
phosphoglycerate kinase (Hitreman et al. JL BM, Chem. 255:2073. 1980) or ther glycolytic enzymes 
(Hess t al Jl Adv. Enzym Reg. 7:149. 1968; and Holland t al., Blochem. / 7:4900, 1978). such as 
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enotas . glycefaldehyd -3-phosphate dehydrogenase, hexokinase. pyruvate decarboxylase, phosphofruc- 
tokinase» glucose-6-phosphate isom rase, 3-phosphogiycerate mulase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucos isomerase, and glucokinase. Suitable vectors and promoters for use in yeast 
expression are further described in R. HiUeman et al., EPA 73,657. 

5 Pr f rred yeast vectors can be assembled using DNA sequences from pUCl8 for selection and 
replk»tion in £ coff (Amp' gene and origin ot replication) and yeast DNA sequences Including a gluoose- 
represstble ADH2 promoter and a-factor secretion leader. The ADH2 promoter has been described by 
Russell et al. {J. Blot Chem. 255:2674. 1982) and Beier et al. {Nature 300:724, 1982). The yeast a-factor 
leader, which directs secretion of heterok)gous proteins, can be inserted between the promoter amd the 

70 structural gene to be expressed. See, e.g.. Kurjan et al.. Ce!l 30:933. 1982: and Bitter et at.. Proc. Natt 
Acad, Sci, USA 81:5330, 1984. The leader sequence may be modified to contain, near its 3' end, one or 
more useful restriction sites to facilitate fusion of the leader sequence to foreign genes. 

Suitable yeast transfonnation protocols are known to those of skill in the art; an exemplary technique is 
described by Hinnen et al.. Proc NatL Acad. ScK USA 75:1929, 1978. selecting for Trp' transfonmants in a 

75 selective medium consisting of 0.67% yeast nitrogen base. 0.5% casamino acids, 2% glucose. 10 ug/mt 
adenine and 20 ug/mt uradl or URA<f tranformants in medium consisting of 0.67% YNB, with amino acids 
and bases as described by Sherman et at.. Laboratory Course Manual tor Methods In Yeast Genetics, 
Cokj Spring Harbor t.aboratory, CokJ Spring Harbor. New York, 1986. 

Host strains transfonmed by vectors comprising the A0H2 promoter may be grown for expression in a 

20 rich medium consisting of 1% yeast extract 2% peptone, and 1% or 4% glucose supplemented with 80 
ugmil adenine and 80 ug/ml uradl. Derepressk>n of the A0H2 promoter occurs upon exhaustk>n of medium 
glucose. Cnide yeast supematants are harvested by filtratkm and held at 4* C prior to further puriflcalton. 

Various mammaiian or insect cell culture systems are also advantageously empk>yed to express 
recomt>lr)ant protein. Expression of recombinant proteins In mammaUan cells Is parttculariy preferred 

28 because such proteins are generally correctly foktod. approprlataly modified and completely functional. 
Examples of suitable mammalian host cell fines include the COS-7 lines of monkey kidney celts, described , 
by Qluznnan {Ceil 23:175. 1981). and other cell lines capable of expressing an appropriate vector Inckjding. 
for example, L cells. CI 27. 3T3, Chinese hamster ovary (CHO). HeLa and BHK celi lines. Mammalian 
expression vectors may comprise nontranscribed elements such as an origin of replication, a suitable 

30 promoter and enhancer linked to the gene to be expressed, and other s' or 3' flanking nontranscribed 
sequences, and 5 or 3' nontranslated sequences, such as necessary ribosome binding sites, a 
potyadenylation site, splice donor and acceptor sites, and transcrtptkmal termination sequences. 8acuk>vinjs 
systems for production of heterok)gous proteins In insect cells are reviewed by Liickow and Summers. 
Bio/Technology ft47 (1988). 

35 The transcriptkmal and translatkxial control sequences in expression vectors to be used in transfbnning 
vertetxate celts may be provkled by viral sot^ces. For example, commonly used promoters and enhancers 
are derived from Polyoma. Adenovirus 2, Simian Virus 40 (SV40), and human cytomegalcvims. DNA 
sequences derived from the SV40 viral genome, for example, SV40 origin, early and lata promoter, 
enhancer, splice, and polyadenylation sites may be used to provide the other genetic elements required for 

40 expression of a heterologous DMA sequence. The early and late promoters are particularty useful because 
both are obtained easily from the vinjs as a fragment which also contains the SV40 viral origh) of repUcatksn 
(Bars et al.. Nature 273:113. 1978). Smaller or larger SV40 fragments may also be used, provkled the 
approximately 250 bp sequence extending from the ^Hnd 3 sits toward the Bgi\ site k)catBd in the viral 
origin of replication is Included. Further, mammalian genomic TNF-R pronK)ter« control and/or signal 

46 sequences may be utilized, provktod such control sequences are compatible with the host celt chosen. 
Additional details regarcfing the use of a mammaUan high expression vector to produce a recombinant 
mammafitti TNF receptor are provided in Examples 2 and 7 betow. Exemplary vectors can be cortstructed 
as (fisckMed by Okayama and Berg {Moi. Cell Bloi 1 963). 

A useful system for stable high level expresskm of mammalian receptor cDMAs in C127 murine 

so mammary epHhefial cefls can be constructed sutJstantially as described by Cosman et al. {MoL ImmunoL 
23:935, 1988). 

tn preferred aspects of the present Inventton. recombinant expression vectors comprising TNF-R cONAs 
are stably integrated into a host celTs DNA. Elevated levels of expression product is achieved by selecting 
for cell lines having ampGfted numbers of vector DNA. Cell lines having ampfified numbers of vector DNA 
55 are selected, for example, by transfomning a host cell with a vector comprising a ONA sequence whkii 
encodes an enzyme which is inhibited by a known dnjg. The vector may also comprise a DNA sequence 
which ncodes a desired protein. Alternatively, the host cell may be co-transformed with a second vector 
which comprises the DNA sequence whk:h encodes the desired protein. Th transfomned or co-transformed 
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host cells are then cultured In increasing concentrations o( the known drug, thereby selecting for drug- 
resistant cells. Such drug-resistant cells survive in increased concentrations of the toxic drug by over- 
production of the enzym which is inhibited by the doig. frequently as a result of amplification of the gene 
encoding the enzyme. Where drug resistance is caused by an increase in the copy number of th vector 
DNA encoding the inhibitable enzyme, there is a doncomitant co-amplification of the vector DNA encoding 
the desired protein (TNF-R) In the host cell's DNA. 

A preferred system for such co-amplification uses the gene for dihydrofolate reductase (DHFR). which 
can be inhibited by the drug methotrexate (MTX). To achieve co-amplHteatlon. a host ceil which lades an 
active gene encoding DHFR is either transfonmed with a vector which comprises DNA sequence encoding 
DHFR and a desired protein, or is co-transformed with a vector comprising a DNA sequence encoding 
DHFR and a vector comprising a DNA sequence encoding the desired protein. The transfonmed or co- 
transltormed host cells are cultured in media containing increasing levels of MTK and those cells lines 
which survive are selected. 

A partJcularly preferred co-ampllficallon system uses the gene for glutamine synthetase (QS), which Is 
responsible tor the synthesis of glutamate and ammonia using the hydrolysis of ATP to ADP and phosphate 
to drive the reaction. GS is subject to inhibition by a variety of inhibitors, for example methionine 
sulphoximine (MSX). Thus, TNF-R can be expressed in high concentrations by co-amplifying cells 
transformed with a vector comprising the DNA sequence for QS and a desired protein, or co-transformed 
with a vector comprising a DNA sequence encoding GS and a vector comprising a DNA sequence encoding 
the desired protein, cutturing the host ceils in media containing increasing levels of MSX and selecting for 
sun^ng cells. The GS co-amplification system, appropriate recombinant expression vectors and cells Rnes, 
are described in the following PCT applications: WO 87A)44e2. WO 89^)1036. WO 89/10404 and WO 
8&D5607. 

Recombinant proteins are preferably expressed by co-amplification of DHFR or QS In a mammaHan 
host ceU. such as Chinese Hamster Ovary (OHO) ceils, or alternatively in a murine myeloma cell line, such 
as SP2A)-Ag14 or NSO or a rat myeloma cell fine, such as YB2/3.0-Ag20. disctesed in PCT appUcations . 
WO/89/10404 and WO 88/05807. 

A preforred eulcaryotic vector for expression of TNF-R DNA la disclosed below In Example Z This 
vector, referred to as pCAV/NOT. was derived from the mammalian high expression vector pDC20l and 
contains regulatory sequences from SV40, adenovirus-2, and human cytomegaiovlajs. 



Purification of Recombinant TNF-R 

Purified mammaUan TNF receptors or analogs are prepared by culturing suitable host^ector systems to 
express the recombinant translation products of the DNAs of the present Invention, which are then purified 
from culture media or cell extracts. 

For example, supematants from systems which secrete recombinant protein Into culture mecfla cm be 
first concentrated using a commefdally available protein concentration filter, for example, an Amicon or 
MilQpore Peiiicon ultrafiltration unit Following the concentration step, the concentrate can be applied to a 
suitable purification matrix. For example, a suitable affinity matrix can comprise a TNF or lectin or antibody 
molecule bound to a suitable support Altematively, an anion exchange resin can be employed, for example, 
a matrix or substrate having pendant diethylamlnoethyl (OEAE) groups. The matrices can be acrylamlde. 
agarose, dextran, cellulose or other types commonly employed in protein purification. Altematively. a cation 
exchange step can be employed. Suitable cation exchangers include various insoluble matrices comprising 
sulfopropyl or cartx)xymethyl groups. Sultopropyl groups are preferred. 

Rnafly. one or more reversed-phase Wgh perfonnance liquid chromatography (RP-HPLC) steps employ- 
ing hydrophobic RP-HPLC media, e.g., silica gel having pendant methyl or other aliphatic groups, can be 
employed to further purify a TNM compo^tion. Some or an of the foregoing purification steps. In various 
combinations, can also be emptoyed to provide a homogeneous recombinant protein. 

Recombinant protein produced In bacterial culture Is usually isolated by initial extraction from cell 
pellets, followed by one or more concentration, salting-out aqueous Ion exchange or size exchision 
chromatography steps. Finally, high performance liquid chromatography (HPLC) can be employed for fin^ 
purification steps. Microbial ceils emptoyed In expression of recombinant mammalian TNF-R can be 
disrupted by any convenient method, including freeze-thaw cycfing. sonication. mechanicai disruption, or 
use of cell lysing agents. , ^ « 

Fermentation of yeast which express mammalian TNF-R as a secreted protein greatty simpBfles 
purification. Secreted recombinant pr tein r suiting from a large-scale fennentation can be purified by 
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methods analogous to those disclosed by Urdal et aJ. [J, Chromatog. 29&^7^, 1984). TTiis reference 
describes two sequential, reversed-phas HPLC st ps for purification of recombinant human GM-CSF on a 
preparativ HPLC column. 

Human TNF-R synthesized In recombinant culture is characterized by the presence of non-human cell 

5 components, including proteins, in amounts and* of a character which depend upon the purification steps 
taken to recover human TNF-R from the culture. These components ordinarily witt be of yeast, prokaryotic 
or non-human higher eukaryottc origin and preferably are present in innocuous contaminant quantities, on 
the order of less than about 1 percent by weight Further, recombinant cell culture enables the production of 
TNFR free of proteins whk:h may be normally associated witti TNF-R as it Is found in nature In its species 

10 of origin. e.g. in cells, cell exudates or body fluids. 



Therapeutic Admlnistratton of Recombinant Soluble TNF-R 

fs The present invention provides methods of using therapeutic compositions comprising an effective 
amount of soluble TNF-R proteins and a suitable fluent and carrier, and methods for suppressing TNF- 
dependent inflammatory responses In humans comprising administering an effecth^ amount of soluble 
TNF-R protein. 

For therapeutic use. purified soluble TNF-R protein is administered to a patient, preferably a human, for 

20 treatment In a manner appropriate to the indication. Thus, for example, soluble TNF-R protein compositions 
can be administered by bokis injecfion. continuous Infusion, sustained release from Implants, or other 
suitable tachnk^ue. Typically, a sotubCe TNF-R therapeutic agent will be administered in the fomn of a 
composition comprising purified protein in conjunction with physk>k)gicalty acceptable cam'ers. exdplents or 
dihients. Such carriers will be nontoxic to recipients at the dosages and concentrations emptoyed. 

25 Ordinarily, the preparation of such compositions entails combining the TNF-R with buffers, antioxkjants such 
as ascort)jc add. low motecuiar weight (less than about 10 residues) polypeptides, proteins, amino ackts,- 
cartaohydrates including glucose, sucrose or dextrine, chelating agents such as EDTA. gtutathk)ne and other 
stabiHzers and excipients. Neutral buffered saline or saline mixed with conspecHIc serum albumin are 
exemplary appropriate diluents. Prefierat)ly. product is fomrtutated as a lyophifizate using appropriate 

30 exdpient solutions (e.g., sucrose) as dihients. Appropriate dosages can be determined in trials. The amount 
and frequency of admlnistratft)n wilt depend, of course, on such factors as the nature and severity of the 
indcatkm being treated, the detired response, the conditkxi of tfie patient, and so forth. 

Sohibte TNF-R proteins are adminlstared for the purpose of inhibiting TNF-dependent re^x)nses. A 
variety of diseases or conditions are believed to be caused by TNF, such as cachexia and septic shock. In 

38 addltk)n. other key cytokines (IL-I. iL-2 and other colony stimulating factors) can also Induce significant host 
production of TNF. Soluble TNF-R composHtons may therefore be used, for example, to treat c^hexia or 
septk: shock or to treat side effects associated with cytokine therapy. Because of the primary roles ll-l and 
IL-2 play in the production of TNF, combination therapy using both IL-1 receptors or IL-2 receptors may be 
preferred in the treatment of TNF-assodated clintoal indications. 

40 The foltowing examples are offered by way of illustration, and not by way of Omitation. 



EXAMPLES 

4S 

Example 1 



50 

Binding Assays 



A. Radloiabeifng of TNFa and TNFfi, Recombinant human TNFa. in the form of a fusion protein 
55 containing a hydrophitic octapeptide at the N-terminus. was expressed In yeast as a secreted protein and 
purified by affinity chromatography (Hopp et al.. Bio/Technology 6t1204, 1988). Purified recombinant 
human TNF4 ^nas purchased from R&D Systems (Minneapolis. MrQ. Both proteins were radtolabeled 
using the commercially available solid phase agent. lODO-GEN (Pierce). In this procedure, 5 ug f 
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lOOO-QEN were plated at the bottom of a 10 x 75 mm glass tube and incubated for 20 minutes at 4 C 
with 75 ul of 0.1 M sodium phosphate. pH 7.4 and 20 ul (2 mCl) Na •»!. This solution was then 
transferred to a second glass tube containing 5 ug TNFa (or TNFfl) in 4S ul PBS for 20 minutes at 4 C. 
Th reaction mixture was fractionated by gel filtration on a 2 ml bed volume of Sephad x Q-25 (Sigma) 
equilibrated in Roswell Pari* H/lemorial institute (RPI^I) 1 $40 medium containing 2.5% (wA/) bovine 
serum albumin (BSA), 0.2% (w/v) sodium aade and 20 mM Hepes pH 7.4 (binding medium). The final 
pool of '«I-TNF was diluted to a vrorVing stock solution of 1 x 10"' M In binding medium and stored lor 
up to one month at 4* C without delectable loss of receptor binding activity. The specific activity is 

routinely 1 x 10« cpm/mmole TNF. i- «^ 

B Binding to Intact Cells. Binding assays with Intact cells were performed by two methods. In the first 
method cells were first grown either in suspension (e.g.. U 937) or by adherence on tissue culture plates 
(exi WI2e-VA4 COS cells expressing the recombinant TNF receptor). Adherent cells were subsequently 
reini^ by treatment with SmM EDTA treatment for ten minutes at 37 degrees "ntlgrade. Binding 
assays were then performed by a pthatote oil separation method (Dower et al.. J. /mmwot. »32:751. 
1984) essentially «described by Park et al. (J. StoA Chem. 2S1-M77. 1988). Non-spedflc binding of 
<»|.TNF was measured in the presence of a 200-fold or greater molar excess of unlabeled TNF. Sodium 
azide (0.2%) was included in a binding assay to inhibit internalization of '»|.TNF by cells. In the second 
method. COS ceils translected with the TNF-R-containino plasmid. and expressing TNF receptors on the 
surface, were tested for ttie aWlity to bind '»l-TNF by the plate binding assay described by Sims et al. 

(Sc/«nee24f:585.1988). _ ^ _ „ , _ , 

C Solia Phase Binding Assays. The ability of TUf-H to be stably adsortjed to nitrocellulose Inm 
detergent extracts of human cells yet retain TNF-blnding activity provided a means of detecting TNFHR. 
Cell extracts were prepared by mixing a cell pellet with a 2 x volume of PBS containing 1% Tnton X-iOO 
and a cocktail ol protease InhlWtors (2 mM phenylmethyl sulfonyl fluoride. 10 uM pepstatln. 10 oM 
leupeptin. 2 mM o-phenanthrollne and 2 mM EGTA) by vigorous vortexing. The mixture was Incubated 
on Ice for 30 minutes after whteh it was centrifuged at i2.000x g for 15 minutes at 8 C to remove nuclei , 
and other debris. Two microliter allquots of cell extracts were placed on dry BA85«i nitro<»llulose 
membranes (SchWchar and Schuell. Keene. NH) and allowed to dry. The membranes were incubated in 
tissue culture dishes for 30 minutes in Tris (0.05 M) buffered saHne (0.15 M) pH 7-5 contamug 3% wAr 
BSA to block nonspedfte binding sites. The membrane was then covered wHh 5 x 10-' M »|.TNF in 
PBS ♦ 3% BSA and Incubated f« 2 hr at 4*C with shaking. At the end of this time, ttie membranes 
were wa^ 3 times m PBS. dried and placed on Kodak X-Omat AH film fbr18 hr at -70 C. 

Example 2 



Isolalkin of Human TNF-R cDNA by Direct Expresston ot Acthre Protein in COS-7 Cells 

Various human oeU lines were screened for expression ot TNF-R based on their ability to bind «l- 
labeled TNF. The human fibroblast ce« line VW-28 VA4 was found to express a "^^JT 
receptors per cell. Equilibrium binding studies showed that the cell line exhibited biphasic Wnding of I- 
TNF with appfoximately 4.000 high affinity sites (K. » 1 x 10'« M-) and 15.00 tow aWntty sftes (K. - 1 x 

mriS^ONA library was constwcted by reverse transcription of polyadenylated mRNA IsoWed 
frem total RNA extracted from human fibroblast WI.28 VA4 cells grown in "^."^^^ 
mitoaen usma standard technk)ues (Qubler. et al.. Gene 25:283. 1983: Ausubel et al.. eds.. Cunent 
SSSS*Twote«*ir StotoflK. vol. 1. 1987). The cefls were hanrest«. by lyslng J» oj"! f « 
hydrochloride solution and total RNA isolated as prevfejusly descnbed /J^^^ 

Poly A* RNA was Isolated by oBgo dT cellulose chromatography and doubte-^randed cDNA J^js 
prepared by a method similar to that ol Qubler and Hoffman [Gene 26283. 1983). Briefly. P*^' ^.^JJ 
was converted to an RNA<;pNA hybrid by reverse transcriptase using ollgo dT as a primer. "The "WArCDNA 
hybrid was then converted Into double^rtranded cDNA using RNAase H in combination wrth ONA POlV* 
merese I. The resulting double stranded cONA was blunt^nded with T4 ONA polymenBe. To the Wwrt- 
ended cDNA is added Eccfll Bnker-adaptere (having internal Won sites) whteh were phosphorylated on onty 
one end (Invitrogen). The linker-adaptered cDNA was treated wHh T4 polynueleoUde Wnwe to 
phosphorylate the s' overtianging regton of the Bnker-adapter and unligattd linkers were removed by 
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running the cONA over a Sepharose CL4B column. The link r-adaptered cONA was ligated to an equimotar 
concentration of £co/?1 cut and dephosphorylated arms of bacteriophage ^gtlO (Huynh et al. DMA Cloning: 
A PractlcBl Approach, Glover, ed.. IRL Press, pp. 49-73). Th ligated ONA was packaged into phage 
particles using a commercially available kit to generate a library of recombinants (Stratagene Cloning 

5 Systems. San Diego. OA. USA). Recombinants were further amplified by plating phage on a bacterial lawn 
of £ coU strain c600(hfr). 

Phage DNA was purified from the resulting XgtIO cONA library and the cONA Inserts excised by 
dtgestk^n with the restrictkxi enzyme Nofl. Following electrophoresis of the digest through an agarose gel. 
cONAs greater than 2.000 bp were isolated. 

10 The resulting cONAs were ligated into the eukaryotic expression vector pCAV/NOT. which was 
designed to express cDNA sequences inserted at its multiple cloning site when transfected into mammalian 
cells. pCAV/NOT was assembled from pOC201 (a derivative of pMLSV, previously descrtbed by Cosman et 
al.. Nature 312: 768. 1984), SV40 and cytomegatovims ONA and comprises. In sequence with the direction 
of transcription from the origin of reptk:atk)n: (1) SV40 sequences from coordinates 5171*270 Including the 

IS od^n of replication, enhancer sequences and early and late promoters: (2) cytomegaksvirus sequences 
including the promoter and enhancer regions (nucleotides 671 to <»-63 from the sequence published by 
Boechart et al. (Cell 4r:S21, 1085); (3) adenovlms-2 sequences containing the first exon and part of the 
intron between the first and second axons of the tripartite leader, the second exon and part of the third exon 
of the tripartite leader and a multiple cloning site (MCS) containing sites for Xhol. Kpni. Smal. Hot\ and 

20^ Sff/l; (4) SV40 sequences from coordinates 4127-4100 and 2770-2533 that Inckxte the polyadenytatfon and 
termination signals for earfy transcription: (5) sequences derived from pBR322 and virua-associated 
sequences VAI and VAIl of pOC201. with adenovirus sequences 10532-11156 containing the VAI and VAII 
genes. f6lk>wed by pBR322 sequences from 4363-2486 and 1094-375 containing the ampidlDn resistance 
gene and origin of replication. 

2S The resulting WI-26 VA4 cDNA Ubrary in pCAV/NOT was used to transfonn C col! strain DH5a. and 
recombinants were plated to provide approximately 800 cokxiies per plate and sufficient plates to provkla 
approximately 50.000 total colonies per screen. Gok>nies were scraped from each plate, pooled, and 
plasnUd DNA prepared from each pool. The pooled ONA was then used to transfect a sub-confluent layer of 
monkey COS-7 cells using DEAE-dextran foltowed by chloroqulne treatment as described by Luthman et 

30 al. {Nad. Acids Res. n:l2d5. 1983) and McCutchan et ai. (J. Natl. Cancer Inst 4^:351. 1986). The cells 
were then grown In culture for three days to penmit transient expresskm of the inserted sequences. After 
three days, cell culture supematants were discarded and the cell monolayers in each plate assayed for TNF 
binding as fbltows. Three ml of binding medium containing 1.2 x 10-'' M '»l-labeled FIAQ^-TNF was 
added to each plate and the plates incubated at 4* C for 120 minutes. This medium was then discarded, 

OS and each plate was washed once with coM binding medium (containing no labeled TNF) and Mvk^e with cold 
P8S. The edges of each plate were then broken off, leaving a flat disk whk:h was contacted with X-ray film 
fbr 72 hours at -70*0 using an intensifying screen. TNF binding adNlty was visualized on the exposed 
films as a darV focus against a retat^ely uniform back^und. 

After approximately 240.000 recombinants the Hbrary had been screened In this manner, orie transfec- 

40 tant pool was observed to provkSe TNF binding fod which were clearty apparent against the background 
exposure. 

A Arozen stock of bacteria from the positive pool was then used to obtain plates of approximately 150 
cotonies. Repttcas of these plates were made on nitroceautose fitters, and the plates were then scraped and 
plasmkl DNA prepared and trmfected as described above to kientify a positrve plate. Bacteria from 

48 indivklual cokmies from the nltrocelkjk)se repUca of this ptata were grown In 0.2 ml cultures. whk:h were 
used to obtain plasmkl Dt^ which was transfected Into COS-7 cells as described above. In this manner, a 
single ckm. ckm 1, was isolated whteh was capable of Inducing expresskm of human TNF-R In COS cetts. 
The expresston vector pCAV/NOT containing the TNF-R cONA clone 1 has been deposited with the 
Amerk»n Type Cultitfe CoHectlon, 12301 Paridawn Drive. RockviUe. MD 20852. USA (Accession No. 68088) 

50 under the name pCAV/NOT-TNF-a on 6th Sept 1989. 



Example 3 

55 

Construction of cONAs Encoding Soluble huTNF-RA235 
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A cDNA encoding a soluble huTNF-RA235 (having the sequence of amino acids 1-235 of Figure 2A) 
was constructed by excising an 840 bp fragment from pCAV/NOT-TNF-fl wrth the restriction enzymes Notl 
and Pvu2. Notl cuts at the multiple cloning site of pCAV/NOT-TNF-R and Pvu2 cuts within the TNF-R 
coding region 20 nucleotides S of the transmembrane region. In order to reconstruct the 3 end of the TNF- 
R sequences, two oligonucleotides were synthesized and annealed to create the following oligonucleotide 
linker: 



Pvu2 BanHl Bgl2 

CTGAAGGGAGCACTGGCGACZ&lGGAtCCX 
10 . GACTTCCCTCGTGACCGCTGATTCCTAGGTCTAG 

AlaGluGXyS«rThrGlyA3p£ad 



15 



20 



This ongonudeotide Unker has terminal Pvu2 and Bgl2 restriction sites, regenerates 20 nucleotides of the 
TNF-R. foltowed by a temiination codon (underlined) and a BamHI restricOon site (for convenience in 
isolating the entire soluble TNFR by NotimamHl digestion). This oBgonucleotlde was then ligated wtth the 
840 bp Not1/Pvu2 TNF-R Insert into 8gt2/Not1 cut pCAV/NOT to yieW psolhuTNFRi!k235/CAVNOT. which 
was transfected into COS-7 cells as described above. This expression vector induced expression of soluble 
human TNF-R which was capable of binding TNF. 



Example 4 



2S 



Construction of cDNAs Encoding Soluble huTNF-RAIBS 

A cDNA encoding a soluble huTNF-RA185 (having the sequence of amino acids 1-185 of Figure 2A) 
^ was constructed by excising a 640 bp fragment from pCAV/NOT-TNF-R with the restrictton enzymes Notl 
and Bgl2. Notl cuts at the multiple ctoning site of pCAV/NO-TNP.R and Bgl2 cuts within the TNF-R coding 
region at nudeotWe 807. which is 237 nucleotides 5 of the transmembrane region. The following 
olrgonucieolWe Unkers were synthesized: 

38 Bgl2 

5 ' -^TCTGtAACGTGGTGGCCXTCCCTGGGXATGCAAGCATGGATGC-3 ' 

ACATTGCACCACCGGTAGGGACCCTTACGTTCG 
IleCyaAsnValValAlalXeProGlyAanAlaSerMetAspAla 

^ Notl 

5»- AGTCTGCACGTCCACGTCCCD^CCCGGieiGC -3' 

TACCTACGTCAGACGTGCAGGTGCAGGGGGTGGGCCACTCGCCGG 
ValCyaThrSerthrS^rProThrArgEnd 

46 

The above oBoonudeotide finkers reconstruct the 3 end of the receptor molecule up to ""Clwtlcte 70^ 
followed t>y a termlnatton codon (underlined). These oligonucleotides were ^ J^f^^J^^-^^^ 
Notl TIMF-R insert Into Notl cut pCAV/NOT to yield the expresston vector psonrNFRA185/CAVNOT. whteh 
was transfected into COS-7 cells as described above. This expression vector induced expression of soluble 
^ human TNF-R wWch was capable of binding TNF. 

Example S 



55 



Construction of cDNAs Encoding Soluble huTNF-RAIQS 
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A cDNA encoding a soluble huTNF-RA163 (having the sequence of amino adds 1-163 of Figure 2A) 
was constnjcled by excising a 840 bp fragment from from pCAV/NOT-TNF-R with Ih restriction enzymes 
Noti and Bgl2 as d scribed in Exampl 4. The following oligonucleotide linkers ware synth sized: 

B9I2 Hotl 
5 • -GATCTGTIfiAGC - 3 • 

ACAACTCGCCGG 
lleCysEnd 

This above oligonucleotide tinker reconstructs the 3' end of the receptor molecule up to nucleotkje 642 
(amino add 163), followed by a termination codon (underlined). This oligonucleotide was then tigated with 
the 640 bp Noti TNF-R insert into Noti cut pCAV/NOT to ylekl the expression vector 
psoTTNFRAieS/CAVNOT. which was transfected into COS-7 cells as described above. This expression 
vector induced expression of soluble human TNF-R which was capable of binding TNF in the binding assay 
described in Example 1. 



Example 6 



Construction of cDNAs Encoding Soluble huTNF-RA142 



A cONA encoding a soluble huTNF-RA142 (having the sequence of amino adds 1-142 of Rgure 2A)' 
was constructed by excising a 550 bp fragment from from pCAV/NOT*TNF-R with the restriction enzymes 
Noti and AlwNI. AtwNI cuts within the TNF-R coding region at nucleotide 540. The following 
oligonucleotide linker was synthesized: 

B9I2 Hotl 
5 * -CTGIUlACATCAGACGTG6TGTGCAAOCCCTGTZfiAX*3 * 
CTTGaUITTTGTAGTCTGCXCCACXCGTTCGGGACAATTTCTAGX 

End 

This above ollgonucleotida linker reconstructs the 3' end of the receptor molecule up to nucleotide 579 
(amino add 142). fbikmed by a termlnatton codon (underflned). This oHgonucteotkle was then ligated with 
the 550 bp Notl/AlwNI TNF-R insert Into Not1/Bgl2 cut pCAV/NOT to yIeW the expression vector 
p8orrNF1flA14a'CAVNOT. whk:h was transfected into COS-7 ceHs as described above. This expresskm 
vector did not induced expression of soluble human TNF-R which .was capable of binding TNF. It is 
believed that tNs particular construct failed to express biok>gicalty active TNF-R because one or more 
essential cysteine reskJue (e.g., Cys'*' or Cys'«*) rec^red for intramolecular bonding (for formation of the 
proper tertiary structure of the TNF-R moiecule) was eliminated 



Example 7 



Expression of Soluble TNF Receptors in CHO Cells 



Sotubte TNF receptor was expressed in Chinese Hamster Ovary (CHO) calls using the glutamine- 
synthetase (QS) gene ampiificatkx) system, substantially as descrtbed In POT patent appOcatfon Nos. 
WO87.'04462 and WO89/01036. Briefly. CHO celts are transfected with an expressfon vector containing 
genes for both TNF-R and QS. CHO cells are selected for QS gene expression based on the ability of th 
transfected DNA to confer resistance to low levels of methionine sulphoximine (MSX). QS sequence 
amplification events in such celts ar selected using elevated MSX concentrations In this way. contiguous 
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70 



IS 



20 



TNF-R sequences are also amplified and enhanced TNF-R expression is achieved. 

The vector used in the GS expression system was psolTNFR/P6/PSVLGS. which was constructed as 
follows. Rrst the vector pSVUGS.1 (described in PCT Appfication Nos. W087>t)44e2 and WO89/01038. and 
available from CelHech. Ltd.. Berkshire. UK) was cut with the BamHI restriction enzyme and de- 
phosphorylated with call intestinal alkaflne phosphkase (CIAP) to prevent the vector from '•"KjaUnfl to teelf. 
The BamHI cut pSVLGS.1 fragment was then ligated to a 2.4 Id) BamHI to Bgl2 fragment of pEEShCMV 
(described in PCT Applteadon No. WOa9rt)l03e. also available from Celltech) which was cut with Bgl2. 
BamHI and Fspl to avoW two fragments of similar size, to yield an 11.2 kb vector des'grtated 
DBrt'SVLGS.I. pSVLGai contins the glutamine synthetase selectable marker gene under control of the 
SV40 later promoter. The BamHI to Bgl2 fragment of pEE6hCMV contains the human cytomegalovirus 
maior immediate early promoter (hCMV). a polylinker. and the SV40 eariy polyadenytetton signal. Tlie 
cMna sequences for soluble TNF-R were added to pU/PSVLQS.I by excising a Noll » B«nH1lraomerrt 
from the expresskw vector psolTNFR/CAVNOT (made according to Example 3 above). Wun^«tdh>gj«^ 
Klenow and^atlno with Smal cut dephosphorylated p&PSVLGS.!. thereby ^^^^F-Rcod^^ 
sequences under the control of the hCMV promoter. TOs resulted In a single plasmW vector in which the 
SV4(VQS and hCMB/solTNF^R transcription units are transcribed in opposite directions. This vector was 

'^^''SSFRffSiSJLGS^^.^'ed to iransfect CHOKl cells (availabte from ATCC. RochviBe. MO. under 
acce^ number CCL 81) as follow.. A monolayer of CH0-K1 cells ^^J^^J^ "SS^wl!! 
Minimum Essential Medium (MEM) 10X,(Qiboo: 330.1581AJ) wHhcoT glutorirw and '"g^^ljS 
10% dlaiysed fetal bovine serum (Glbco: 22(M300AJ). 1 mM sodium pyruvate (Sigma). 
amino adds (Glbco: 320-1 140AQ). SCO uM asparaglne and glutamate (Sigms) a«»d nucleosides (30 uM 
adenosine, guanoslne.cytldlne and uridine and 10 uMthymWmeKSIgma). ..rv.«.«<.«<Myi «« 

^pro^ly 1 X cell, per 1 0 cm Petri dish were tr««fected with 10 ug P^^^NFR^rt^ 
25 by sSSrt caWum phosphate p«cipilaflon. substantially as described by ^'^±''^ ^^J^^ , 
a:458 (1983). Ce«8 were subjected to glycerol shock (15% glycerol in ^^^Tf 
approxirnately 1.5 minutes) app«»dmately 4 hours after "nafectloo^bstantt.^^^ ^^^^1^ 
SHiSTwro/ogy 9/:38 (1978). and then washed with serunvfree "^J^I^V^^^'^^^^. 
were fed with fresh selective medium containing MSX at a final concentration «* 25 iri^Ooto^^ 
distant sunrfving cells were visible wllWn 3-4 weeks. Swvivino cotonies were translefTedIo 

to Jrow to confluency in selectee medium. Condition^ mgum 'T 
then assayed for soluble TNFfl activity using the Wndino assay described In Example 1 above. THese 
assays Indicated that the cokx>ies expressed blotogteally active soluble TNF-R. 

iTortiTselect tor OS gene ampnUcaBon. several MSX-reslstant cell Bnes are transfected w* 
osoIWfSpwPSVLQS «yl g«wnWvarious conoentrattens of MSX. Fbr each cell One. '(f^^Xj^ 
SSTS^in g«dually^asing concentratton, of 100 uM. 250 uM. 500 ^'[^J^"^**^^ 
Abated tor 10.14 days. After 12 days, cotonies resistant to the higher tevels of MSX aw»af • T^a 
SSS?cSn!» are 22.y«5 tor TNF4. ^ using the binding assay ft^il^eSSo^ 
Each o» these highly resistent cell Ones contains cells whtah arise from mulUpte independent ampbflcaBw 
eSte fiSTZ; cells Bnes. one or more of the most highly ..sistent cells lines are laolated. The 
^^ed^ls wThlgh p^ducdon rates are then ctoned by BmWng dilutton cloning. Mass ce« cultures of 
the transfectants secrete active wluble tUMK. 

Examples 



Expresston of Soluble Human TNF-R in Yeast 



30 



60 



Soluble human TNF-R was expressed In yeast with the expresston vector plXY«2. which 
,rom^e,2Z2^?o?vlSorS?S; JZ^ pYEPSSi pD<Y120 is identi^l to PY-HuQM (ATCC 
S ««Pt ttSTconteins no cONA tosert and includes a polyHnkerrtnulHpl. ctoning site wrth a Ncol 

« resWcdonsite and suHabte for ctoning 

pDCyi20 waslS^generated by polymerase chain reactfon (PCR) ampOtottan of the ^^'^J^^ 
?,e Mltength receptor from pCAV/NOT-TNF-R (ATCC 68088). T^e toltowlng primers we« us«l In this PCR 
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amplification: 

5 5 , -TTCCGGTACCTTTGGATAAAAGXGACTACAAGGAC 

A3p718*>ProLeuA3pLysArgAspTyrLysA9p 

GAC6ATGACAAGTTGCCCGCCCAGGTGGCATTTACA-3 ' 
AapA3pA3pLya< ■■ ■ tNF-R— — — — > 

10 

yEndPrimqranfecnsc) 

5 » HXCGGGATCCmGTCGCCAGTGCTCCCTTCAGCTGGG-3 • 
BamHl>End< TKT-R > 

The 5^ end ollgonucteotide primer used In the amplification included an Asp71 8 restriction site at its s' end. 
followed by nucleotides encoding the 3' end of the yeast a-factor leader sequence (Pro-Leu-Asp-Lys-Arg) 
and those encocSng the 8 amino acids of the FLAG9 peptide (AspTyrLysAspAspAspAspLys) fused to 

30 sequence encoding the 5 and of the mature receptor. The FLAG« peptide (Hopp et al., Bfo/Technoiogy 
6:1204. 1988) fs a highly antigenic sequence which reversibty binds the monoclonal antibody Ml (ATCC HB 
9259). The oKgonudeotide used to generate the 3' end of the PCR-derWed fragment Is the antISBns9 
strand of ONA encoding sequences which terminate the open fe»ling frame of the receptor after nucleotide 
704 of the mature coding region (following the Asp residue preceding the transmembrane domain) by 

25 introducing a TAA stop codon (underlned). The stop codon is then followed by a BamHI restriction site. 
The OUA sequences encoding TNF^ are then amplified by PCa substantlalty as described by Innis et al.., 
eds.. PCR Protocols: A Guldo to Methods and Applications (Academic Press, 1990). 

The PCR-derived DMA fragment encoding soluble human TNF-R was subcloned into the yeast 
expression vector pl)CY120 by digesting the PCB-derived DNA fragment with BamHI and Asp718 restriction 

30 enzymes, digesting pDCY120 with BamHI and Asp718, and ligating the PCR fragment into the cut vector in 
vitro with T4 ONA ligase. The resuittng constmction (pDCY424) fused the open readng frame of the flAQ^ 
soluble TNF receptor in-frame to the completB a-factor leader sequence and placed expression in yeast 
under the aegis of the regulated yeast alcohol dehydrogenase (A0H2) promoter. Identity of the nucleotide 
sequence of the soluble TNF feceptor canried In plXY424 with those in cDNA done 1 were verified by ONA 

39 sequencing using the dideoxynucteotide chain termination method. plXY424 was then transformed into £ 
CO// strain RR1. 

Soluble human TNF receptor was also expressed and secreted In yeast In a second vector. This 
second vector was generated by recovering the plXY424 plasmid from £ coff and digesting with EcoRI 
and BamHI restriction enzymes to isolate the fragment spanning the region encoding the ADH2 promoter, 

40 the o-factor leader, the FIJk(B«-30luble TNF receptor and the stop codon. This fragment was Qgated In vitro 
into EcoRI and BamHI cut plasmid pYEP352 (Hill et al.. Yeast ^.163 (1988)). to yield the expression 
plasmid pl)CY432. which was transformed into E,coll strain RR1. 

To assess secretion of the soluble human TNF receptor from yeast, plXY424 was purified and 
introduced into a diploid yeast strain of 5. cerevlslae (XV2 181) by electroporation and selection for 

45 acqutsftion of the plasmid-bome yeast TRPI^ gene on media lacking tryptophan. To assess secretion of the 
receptor directed by pD0r432. the plasmid was introduced into the yeast strain PBl49-6b by electroporation 
followed by selection for the plasmid-bome URA3^ gene with c^owth on mecfia lacking uracil. Overnight 
cultures were grown at 30* C in the appropriate selective media. The PB149-6b/pD0r434 transformants were 
diluted into Y^1% gtuoose media and grown at 30*C for 38-40 hours. Supematants were prepared by 

so removal of cefis by centrifUgatfon. dnA fittratkm of supematants through 0.45a fitters. 

The level of seoeted receptor In the supematants was detennined by immuno<k3tbtot Briefly. 1 ul of 
supematants. and dikrtfons of the supematants. were spotted onto nitrooelkilose filters and altowed to dry. 
After bk>cking non-spedfte protein binding with a 3% BSA sokitlon, the fitters were Incubated with (fikJted 
Ml antl-FLAG« wtibody, excess antibody was removed by washing and then dllulions of horseradish 

55 peroxidase conjugated anti-mouse IgQ antibodies were incubated with the filters. After removal of excess 
secondary antibodtos. peroxidase substrates were added and cotor development was alk>wed to proceed for 
appr ximately 10 minutes prior to removal of the substrate solution. 

The anti*FlAQ reactive material found in the supematants demonstrated that significant levels of 
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receptor wer secreted by both expression systems. Comparisons demonstrated that the plXY432 system 
secreted approximately 8-16 times nrtore solubl human TNF receptor than the plXY424 system. The 
supernatants wer assayed for soiubl TNF-R activity, as described in Example 1, by their ability to bind 
i25|.7fgPa and block TNFa binding. The plXY432 supernatants were found to contain significant levels of 
active soluble TNF-R. 



Example 9 



Isolation of Murine TNF-R cONAs 



Murine TNF-R cDNAs were Isolated from a cDNA flbrary made from murine 789 cells, an antigen- 
dependent helper T cell line derived from C57BL/e mice, by cross-spedes hybridization with a human TNF- 
R probe. The cONA library was constructed In XZAP (Stratagene. San DIegoK substartlaily as described 
above In Example 2. by Isolating polyadenyialed RNA from the 7B9 cells. 

A double-stranded human TNF-R cONA probe was produced by excising an approximately 3.5 kb Noti 
fragment of the human TNF-R ctone 1 and ^ap^abeling the cDNA using random primers (Boehringer- 

Mannheim). . . ^ 

The murine cONA library was amplified once and a total of 900.000 plaques were screened, substan- 
tially as described in Example 2. wHh the human TNF-R cDNA probe. Approximately 21 positive plaques 
were purified, and the Bluescript plasmlds containing EcoRl -tinkered inserts were excised (Stratagene, San 
Diego). Nucleic add sequencing of a portion of murine TNF-R ctone 11 Indicated that the coding sequence 
of the murine TNF-R was approximately 88% homotegous to the corresponding nucleotide sequence of 
human TNF-R. A partial nucleotide sequence of murine TNF-R cONA ctone 11 Is set forth In Figures 3A-3B. 



Example 10 



Preparation of Monodonal Antibodies to TNF-R 



Preparations of puriHed recombinant TNF-R. for example, human TNF-R, or transfected COS ceils 
expressing high levels of TNF-R are employed to generate monoctonal antibodies against TNF-R using 
conventional techniques, fbr example, those disclosed in U.S. Patent 4,411.993. Such antibodies likely to be 
useful in interfering with TNF bindng to TNF receptors, for example, in ameliorating toxic or 
undestred effects of TNF, or as components of diagnostic or research assays for TNF or soluble TNF 

^^^^'immunize mice. TNF-R Immunogen Is emulsified in complete Freuntfs adiuvant and Iniected In 
amounts ranging from 10-100 ug subcutaneously into Balb/c mtee. Ten to twelve days later, the Immunized 
animals are boosted with additional immt^en emulsified in incomplete Freund's adjuvant and periodically 
boosted thereafter on a weekly to biweekly Immunization schedule. Serom samples are periodteally taken 
by retixwbftal bleedbig or taihtip exdsion for testing by dot-btot assay (antibody sandwich) or EUSA 
(eniyme^inked immuwsorbent assay). Other assay procedures are also suitable. Foltowing detectkw of an 
appropriate antibody titer, positive animals are given an Intravenous Injection of antigen In saline. 'Hvee to 
four days later, the anlm^ are sacrtfteed, spleoocytes harvested, and fused to the murine myeloma oeO 
One NS1 Hybridoma ceH Ines generated by this procedure are plated in multiple microliter plates in a HAT 
selective medium (hypaxottNne. aminopterin. and ttiymidne) to Inhibit proWeratfon of non-fused celis, 
myetema hybrids, and spleen ceil hybrids. 

Hybridoma ctones thus generated can be screened by EUSA for reactivity with TNF^ for ac^l^e^^^ 
adaptations of the technk,ues disctosed by Engvall et aL. Immunochem. ft87l (1971) and In <J;SJPatent 
4 703 004. Positive ctones are then injected Into tiw peritoneal cavities of syngenete Balbte mk» to produce 
a^t^ containing high concentrations C>1 moAnl) of anti-TNF-R monoclonal antibody. The reeuttojg 
monoclonal antibody can be purified by ammonium sulfate precipitation followed by gel exclusion 
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chromatography, and/or affinity chromatography based on binding of antibody to Protein A of Staphyiocoo 
cus aureus. 



5 Claims 

1. An isolated ON A sequence encoding a biologically active mammalian TNF receptor (TNF-R) protein. 

2. An isolated DNA sequence according to claim 1, selected from the group consisting of: 

(a) cDNA clones having a nucleotide sequence derived from the coding region of a native mammalian 
10 TUf'H gene; 

(b) DNA sequences capable off hybridization to the clones of (a) under moderately stringent conditions 
(50 C. 2 X SSC) and which encode biologtcaily active TNF-R protein; and 

(c) DNA sequences which are degenerate as a result of the genetic code to the DNA sequences defined 
in (a) and (b) and which encode biologically active TNF*R protein. 

J5 3. An isolated DNA sequence according to dalm 1 which encodes a soluble human TNF-R protein. 

4. An isolated DNA sequence according to daim 3, wherein the soluble human TNF-R protein has an amino 
acid sequence comprises the sequence of amino acid residues 1-x of Rgure 2A, wherein x Is selected from 
the group consisting of amino acids 163-235 

5. An isolated DNA sequence accord ng to claim 3, wherein the soluble human TNF-R protein comprises 
20 the sequence of amino adds 1-235 of Figure 2A. 

6. A DNA sequence according to daim 5, wherein amino add residue 46 Is selected from the group 
consisting of lie and Thr and amino add residue 1 18 Is selected from the group consisting off Val and lie. 

7. An isolated DNA sequence according to daim 3, wherein the soluble human TNF-R protein comprises 
the sequence of amino adds 1-185 of Rgure 2A. 

as a An isolated DNA sequence according to daim 3, wherein the soluble human TNF-R protein comprises 
the sequence of amino adds M63 of Rgure 2A. 

a. A recombinant expression vector comprising a DNA sequence according to any one of claims 1-8. 

10. A process for preparing a biologicaily actfve mammalian TNF receptor CTNF-R) protein, comprising 
cullurtng a suitable host cell comprising a vector according to dalm 8 under conditions promoting 

30 expression. 

11. A purified blologicaily ac1^e mammalian TNF receptor (TNF-R) protein. 

12. A purified btologtcalty active soluble human TNF-R protein. 

13. A purified biologically active TNF-R protein according to daim 12, comprising the sequence of amino 
acid residues 1-235 of Figure 2A. 

35 14. A purified biologically active TNF-R protein according lo dalm 12, comprising the sequence off amino 
add residues 1-185 of Figure 2A. 

15. A purified bidogically adh^e TNF-R protein according to daim 12, comprising the sequence of amino 
add residues 1-163 of Rgure 2A. 

16. The use of a mammaSan TNF-R protein In preparing a medicament for regulating immune responses in 
40 mammals. 

17. The method of daim 16, wherein the TNF-R protein is human TNF-R and the mammal to be treated is a 
human. 

18. The use off mammalian TNF-R protein in preparing a pharmaceutical cooHJOSition suitable ffor parenteral 
administration to a human patient for regulating immune responses. 

« 19. A process for detecting TNF or TNF-R molecules or the interaction thereof, comprising use of a 
mammalian lUf receptor proteia a soluble TNF receptor protein capable of binding TNF or substantially 
similar TNF-R anaiOQ produced by recombinant ceil culture. 
20. Antibodies immunoreactive with mammaBan TNF receptors. 

so (Claims for the following Contracting State: ES 

1. A process for preparing a purified mammalian TNF receptor (TNF-R) protein, the process comprising 
coupnng together successive amino add residues by the formation of peptide bonds to ffdnm a TNF-R 
polypeptide. 

55 2. A process according to daim 1. wherein tite TNF-R protein is a sohibte human TNF-R protebi. 

3. A process acconfing to claim 2, wherein tt)e soluble TNF-R protein has an amino add sequence 
comprising the sequence of amino add residues 1-x of Rgure 2A. wh rein x is s lected ftrom the group 
consisting of amino adds 163-235. 
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4, A process according to claim 3. wherein th soluble TNF-R protein has an amio add sequerK which 
comprises the sequence of amino add residues 1 -235 of Rgure 2A. 

5. A process according to claim 3, wherein the soluble TNF-R prot in has an amio add sequ nc which 
comprises the sequecKe of amino add residues 1-185 of Rgure 2A. 

5 6. A process according to claim 3, wherein the soluble TNF-R protein has an amio add sequence which 
comprises the sequence of amino add residues 1-163 of Figure 2A. 

7. The use of a mammalian TNF-R protein in preparing a medicament for regulating immune responses in 
mammals. 

a. The use of a mammalian TNF-R protein in preparing a pharmaceutfcaJ composition suitable for parenteral 
70 administration to a human patient for regulating immune responses. 

9. A process for preparing a ONA sequence encoding a mammalian TNF receptor (TNF-R) protein, the 
process comprising coupling together successive nucleotide residues. 

10. A process for preparing a DNA sequence according to claim 8. wherein the DNA sequence encodes a 
soluble human TNF-R protein. 

75 1 1. A process for preparing a ONA sequence according to claim 10. wherein the DNA sequence encodes a 
sotubfe TNF-R protein having an amino add sequence comprising the sequence of amino add residues 1-x 
of Rgure 2A, wherein x Is selected from the group consisting of amino adds 16^-235. 
^Z A process for preparing a ONA sequence according to claim 10, wherein the DNA sequence encodes a 
soluble TNF-R protein having an amio acid sequence which comprises the sequence of amino add 

so residues 1-235 of Rgiire 2A. 

13. A process for preparing a ONA sequence according to claim 10, wherein the ONA sequence encodes a 
soluble TNF-R protein having an amio add sequence which comprises the sequence of amino add 
residues 1-185 of Rgure 2A. 

14. A process for preparing a DNA sequence according to daim 10. wherein the ONA sequence encodes a 
20 soluble TNF-R protein having an amio add sequence which comprises the sequence of amino add 

residues 1*163 of Rgure 2A. 

15. A process for preparing a Dr*4A sequence according to daim 9. said DNA being selected from the group 
consisting of: 

(a) cDNA clones having a nucleotide sequence derived from the coding region of a native mammalian 
30 TNF-R gene; 

(b) DHA sequences capable of hybridization to the clones of (a) under moderately stringent conditions 
(50* C. 2 X SSC) and which encode biologically active TNF-R protein; and 

(c) ONA sequences which are degenerate as a result of the genetic code to the DNA sequences defined 
in (a) and (b) and which encode biologically active TNF-R protein. 

35 16. A process for preparing a 01^ sequence according to daim 9, said DNA encoding a TNF-R protein 
having the sequence of amino adds of the TNF-R protein expressed by pCAV/NOT*TNF-R (ATCC 68088). 

17. A process for preparing a recombinant expression vector, comprising Bgating bacterial, yeast or 
mammalian expression vector DNA and a Of^ sequence encoding a hwnan TNF-R protein sequence. 

18. A process for preparing a mammafian TNF-R or an analog thereof, comprising culturing a suitable host 
40 cell comprising a vector prepared according to daim 17 under conditions promoting expression. 

19. A process for detecting TNF or TNF-R protein molecules or iho interaction thereof, comprising use of a 
mammalian TNF-R protein, a soluble TNF-R protein capable of binding TNF or substantially similar TNF-R 
analog produced by recombinant cell culture. 

20. A process for the preparation of antibodies immunoreactlve with TNF receptor, the process comprising 
45 either (a) culturing a hybridoma cell expressing the antibodies and harvesting the antibodies, or (b) 

harvesting antibodies immunoreactive with TNF receptor from an appropriately immunised animal. 



Claims for the following Contracting State: GR 

50 1 . An isolated ONA sequence encocfing a biologically active mammafian TNF receptor (TNF-R) protein. 

2. An isolated DNA sequence according to claim 1. selected from the groi^j consisting of: 

(a) cONA clones having a nucleotide sequence derived from the coding region of a native mammalian 
TNF-R gene; 

(b) DNA sequences capable of hybridization to the clones of (a) under n>oderately stringent conditions 
55 (50* C. 2 X SSC) and which encode biologically activo TNF-R protein; and 

(c) DNA sequences which are degenerate as a result of the gen tic code to th DNA sequences defined 
in (a) and (b) and which encode biologically active TNF-R protein. 

3. An isolated DNA sequence according to daim 1 which encodes a soluble human TNF-R protein. 
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4. An isolated DMA sequence according to claim 3. wherein the soluble human TNF-R protein has an amino 
acid sequence comprisinQ the sequence of amino add residues 1-x of Figure 2A. wherein x is selected 
from the group consisting of amin acids 163-235 

5. An isolated ONA sequence according to claim 3. wherein the soluble human TNF-R protein comprises 
the sequence of amino adds 1-235 of Figure 2A. 

6. An Isolated ONA sequence according to claim 3» wherein the soluble human TNF-R protein comprises 
the sequence of amino adds 1*185 of Figure 2A. 

7. An isolated ONA sequence according to claim 3. wherein the soluble human TNF-R protein comprises 
the sequence of amino adds 1*163 of Rgure 2A. 

8. A DNA sequence according to claim 3. wherein amino add residue 46 is selected from the group 
consisting of lie and Thr and amino acid residue 118 is selected from the group consisting of Val and lie. 

9. A recombinant expression vector comprising a ONA sequence according to any one of daims 1-7. 

10. A process for preparing a purified mammalian TNF receptor (TNF-R) protein, the process comprising 
coupling together successive amino acid residues by the formation of peptide bonds to form a TNF-R 
polypeptide. 

11. A process according to claim 9. wherein the TNF-R protein is a soluble human TNF-R protein. 

12. A process according to claim 11, wherein the soluble human TNF-R protein has an amino add 
sequence comprising the sequence of amino add residues 1-x of Figure 2A, wherein x is selected from the 
group consisting of amino adds 163-235. 

13. A process according to daim 1 1, wherein the soluble human TNF-R protein has an amio add sequence 
which comprises the sequer>ce of amino add residues 1 -235 of Rgure 2A. 

14. A process according to daim 1 1. wherein the soluble human TNF-R protein has an amio add sequence 
which comprises the sequence of amino add residues 1-185 of Rgure 2A. 

15. A process according to daim 11, wherein the soluble human TNF-R protein has an amio acid sequence 
which comprises the sequence of amino add residues 1-163 of Rgure 2A. 

16- The use of a mammaflan TNF-R protein in preparing a medicament for regulating Immune responses in' 
mamrr^als. 

17. The use of a mammalian TNF-R protein In preparing a pharmaceutical composition suitable for 
parenteral administration to a human patient for regulating immune responses. 

18. Antibodies immunoreactive with mammalian TNF receptors. 
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(2) INTOWIAXIOH FOR SEQ ID NO: I: 

(t) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 1641 bas pairs 

(B> TYPE: nucleic acid 

(C) STRANDEDKBSS: single 

(D) TOPOLOGY: linear 

(ii) HOLECULE TYPE: CDNA tO aRKA 



<U1) HYPOTHETICAL: H 



(iv) AHTI-SENSK: K 



(vi) ORIGIKAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(G) r gT-^ TYPE: Fibroblast 

(H) CELL UN^: WI-26 VA4 

(vil) IMMEDIATE SOURCE: 

(A) LIBRARY: Wl-26 VA4 
<B) CLONE: 1 

(ix) FEATURE: 

<A) NANB/RSY: CDS 

<B) LOCATIC»t: 88.. 1473 

(D) OTHER INFORMATION: 

(ix) FEATURE: 

(A) NAME/KEY: mat^ptidtt 

(B) LOCATION: 88.. 1470 
<D) OTHER INFORMATION: 

(ix) FEATURE: 

(A) NAME/KEY: sig^ptide 
<B) LOCATION: 88..1S3 
(D) OTHER INFORMATION: 



(X) PUBUCATION INFORMATION: 

(A) AUTHORS: Saith , Craig A. 

Davis, Terri 
Anderson, Diric 
Solan, Lisabetb 
Bec)caann, M. P. 
Jarxy, Rite 
Dower, Steven R* 
Cosaenr David 
Goodtfin, Raymond Q. 

(B) TITLE: A Receptor for Tumor Necrosis Factor Defines an 

Unusual Fafflily of Cellular and Viral Proteins 

(C) JOURNAL: Science 

(D) VOLUKB: 248 

it) PAGES: 1019-1023 
(O) DATE: 25<-MAY-l990 

(xi) SEQfOBNCE DESCRIPTION: SEQ ID N0:1: 
GCGAGGCAGG CAGOCTGGAO AGAAGGCGCT GGGCTCCGAQ GGCGCSAGGG CGCGAGGGCA 60 

GGGGGCAACC GGACCCCOCC CGCATCC ATG GCG CCC GTC OCC GTC TOO GCC HI 

Met Ale Pro Vel Ala Val Trp Ala 
1 5 

QCO CTG GCC GTC GGA CTG GAG CTC TOO OCT GCG GCO CAC GCC TTO CCC 159 
Ala Leu Ala Val Gly Leu Qlu Leu Tip Ala Ala Ale Hie Ala Leu Pro 
10 15 20 
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GCC CXQ GTG GCX TTT ACA CCC TAC GCC CCG GAG CCC GGG AGC ACA TGC 
Ala Gin Val Ala »he Thr Pro Tyr Ala Pro Glu Pco Gly S«r Thr Cys 
25 30 35 40 



207 



CGG CTC AGA GAA TAC TAT GAC CAG ACA GCT CAG ATG TGC TGC AGC AAA 
Arg Leu kxq Glu Tyr Tyr Asp Gin Thr Ala GlA Met Cys Cys S«r Lys 
45 50 55 



255 



TGC TCG CCG GGC CAA CAT GCA AAA GTC TTC TGT ACC AAG ACC TCG GAC 
Cys S«r Pro Gly Gin His Ala Lys Val Phtt Cys Thr Lys Thr Ser Asp 
60 65 70 



303 



ACC GTG TGT GAC TCC TGT GAG GAC AGC ACA TAC ACC CAG CTC TG6 AAC 
Thr Val Cys Asp S«r Cys Glu Asp S«r Thr Tyr Thr Gin Leu Trp Asn 
75 80 85 



351 



TG6 GTT CCC GAG TGC TTG AGC TGT GGC TCC CGC TGT AGC TCT GAC CAG 
Trp Val Pro Glu Cys Lau Sar Cys Gly Sar Arg Cys Ser Ser Asp Gin 
90 95 100 



399 



GTG GAA ACT CAA GCC TGC ACT CGG GAA CAG AAC CGC ATC TGC ACC TGC 
Val Glu Thr Gin Ala Cys Thr Arg Glu Gin Asn Arg lie Cys Thr Cya 
105 110 lis 120 

AGG CCC GGC TGG TAC TGC GCG CT6 AGC AAG CAG GAG GGG TGC CGG CTQ 
Arg Pro Gly Trp Tyr Cys Ala Lau Ser Lys Gin Glu Gly Cys Arg Lau 
125 130 135 



447 



495 



TGCQC6CCGCTGCGCAAGTGCCGCCCGGGCTTCGGCGTGGCCA6ACCA 
Cys Ala Pro Lau Arg Lys Cys Arg Pro Gly Phe Gly Val Ala Arg Pro 
140 145 150 

GGA ACT GAA ACA TCA GAC GTG GTG TGC AAG CCC TGT GCC CCG GGG ACG 
Gly Thr Glu Thr Sec Aap Val Val Cya Lys Pro Cya Ala Pro Gly Thr 
155 160 165 

TTC TCC AAC ACG ACT TCA TCC ACO GAT ATT TGC AGG CCC CAC CAG ATC 
Pha Ser Asn Thr Thr Ser Ser Thr Asp lie Cys Arg Pro His Gin lie 

170 175 180 • 

TGT AAC GTG GTG GCC ATC CCT GGG AAT GCA AGC ATG GAT GCA GTC TGC 
Cys Asn Val Val Ala tie Pro Gly Asn Ala Ser Met Asp Ala Val Cys 
185 190 195 200 

ACG TCC ACG TCC CCC ACC CGG AGT ATG GCC CCA GGG GCA GTA CAC TTA 
Thr Ser Thr Ser Pro Thr Arg Ser Met Ala Pro Gly Ala Val Bis Leu 
205 210 215 

CCC CAG CCA GTG TCC ACA CGATCCCAACACACGCAQCCAACTCCAGAA 
Pro Gin Pro Val Sar Thr Arg Ser Gin His Thr Gin Pro Thr Pro Glu 
220 22S 230 

CCC AGC ACT GCT CCA AGC ACC TCC TTC CTG CTC CCA ATG GGC CCC AGC 831 
Pro Sar Thr Ala Pro Ser Thr Ser Phe Leu Leu Pro Met Gly Pro Ser 
235 240 245 

CCC CCA OCT GAA GGG AGC ACT GGC GAC TTC GCT CTT CCA GTT GGA CTG 879 
Pro Pro Ala Glu Gly Ser Thr Gly Aap Phe Ala Leu Pro Val Gly Leu 
250 255 260 

ATT GTG GGT GTG ACA GCC TTG GGT CTA CTA ASA ATA GGA GTG GTG AAC 927 
lie val Gly Val Thr Ala Leu Gly Leu Leu Ila 11 Gly Val Val Asn 
265 270 275 280 



543 



591 



639 



687 



735 



783 
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TGT GTC ATC ATG ACC CAG GTG AAA AAG AAG CCC TTG TGC CTG CAG AGA 975 
Cys Val Ila Met Thr Gin Val hys Lya Lya Pro Leu Cya Leu Gin Arg 
285 290 295 

GAA GCC AAG GTG CCT CAC TTG CCT GCC GAT AAG GCC CGG GGT ACA CAG 1023 
Glu Ala Lys Val Pro His Leu Pro Ala Aep Lys Ala Ar? Gly Thr Gin 
300 305 310 

GGC CCC GAG CAG CAG CAC CTG CTG ATC ACA GCG CCG AGC TCC AGC AGC 1071 
Gly Pro Glu Gin Gin His Leu Leu lie Thr Ala Pro Ser Ser Ser Ser 
313 320 325 

AGC TCC CTG GAG AGC TCG GCC AGT GCG TTG GAC AGA AGO GCG CCC ACT 1119 
Ser Ser Leu Glu Ser Ser Ala Ser Ala Leu Asp Arg Arg Ala Pro Thr 
330 335 340 

CGG AAC CAG CCA CAG GCA CCA GGC GTG GAG GCC AGT GGG GCC GGG GAG 1167 
Arg Asn Gin Pro Gin Ala Pro Gly Val Glu Ala Ser Gly Ala Gly Glu 
345 350 355 360 

GCC CGG GCC AGC ACC GGG AGC TCA GAT TCT TCC CCT GGT GGC CAT GGG 1215 
Ala Arg Ala S«r Thr Gly Ser Ser Aap Ser Ser Pro Gly Gly His Gly 
365 370 375 

ACC CAG GTC AAT GTC ACC TGC ATC GTG AAC GTC TGT AGC AGC TCT GAC 1263 
Thr Gin Val Asn val Thr Cys He Val Asn Val Cys Ser Ser Ser Asp 
380 385 390 

CAC AGC TCA CAG TGC TCC TCC CAA GCC AGC TCC ACA ATO GQA GAC ACA 1311 
His Ser Ser Gin Cys Ser Ser Gin Ala Ser Ser Thr Met Gly Asp Thr 
393 400 405 

GAT TCC AGC CCC TCG GAG TCC CCG AAG GAC GAG CAG GTC CCC TTC TCC 1359 
Asp Ser Ser Pro Ser Glu Ser Pro Lys Asp Glu Gin Val Pro Phe Ser 
410 415 420 

AAG GAG GAA TGT GCC TTT CGG TCA CAG CTG GAG ACG CCA GAG ACC CTG 1407 
Lys Glu Glu Cye Ala Phe Arg Ser Gin Leu Glu Thr Pro Glu Thr Leu 
425 430 435 440 

CTG GGG AGC ACC GAA GACAAGCCCCTGCCCCTTGGAGTGCCTGATGCT 1455 
Leu Gly Ser Thr Glu Glu Lys Pro Leu Pro Leu Gly Val Pro Asp Ala 
445 450 455 

GGG ATG AAG CCC AGT TAA CCAGGCCGGT GTGGGCTGTG TCGTAGCCAA X503 
Gly Met Lys Pro Ser . 
460 

GGTGGGCTQA GCCCTGGCAG GATGACCCTG CGAAGGGGCC CTGGTCCTTC CAGGCCCCCA 1563 

CCACTAGGAC TCTGAGGCTC TTTCTGGGCC AAGTTCCTCT A6TGCCCTCC ACAGCCGCAG 1623 

CCTCCCTCTG ACCTGCAO ^^^^ 



<2> XMrOAMATZCM FOR SBQ ID H0:2: 

(i) SEQOSMC^ CBARACTERISTICS: 

<A) LSMGTE: 462 amino acids 
(B) TTPB: amino acid 
<D) TOPOLOGT: linear 
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(ii) MOLECULE TYPE: pr tein 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

Met Ala Pro Val Ala Val Trp Ala -Ala Leu Ala Val Gly Leu Glu Leu 
15 10 15 

Trp Ala Ala Ala His Ala Leu Pro Ala Gin Val Ala Phe Thr Pro Tyr 
20 25 30 

Ala Pro Glu Pro Gly Ser Thr Cya Arg Lau Arg Glu Tyr Tyr Aap Gin 
35 40 45 

Thr Ala Gin Met Cya Cys Ser Lys Cya Ser Pro Gly Gin Hia Ala Lya 
50 55 60 

Val Phe Cya Thr Lys Thr Ser Aap Thr Val Cys Aap Ser Cya Glu Aap 
65 70 75 80 

Ser Thr Tyr Thr Gin Leu Trp Aan Trp Val Pro Glu Cya Leu Ser Cya 
85 90 95 

Gly Ser Arg Cys Ser Ser Aap Gin Val Glu Thr Gin Ala Cya Thr Arg 
100 105 110 

Glu Gin Aan Arg lie Cya Thr Cya Arg Pro Gly Trp Tyr Cya Ala Leu 
115 120 125 

Ser Lys Gin Glu Gly Cys Arg Leu Cys Ala Pro Leu Arg Lys Cys Arg 
130 135 140 

Pro Gly Phe Gly Val Ala Arg Pro Gly Thr Glu Thr Ser Asp Val Val 
145 150 155 160 

Cys Lys Pro Cys Ala Pro Gly Thr Phe Ser Aan Thr Thr Ser Ser Thr 
165 170 175 

Asp lie Cya Arg Pro His Gin lie Cys Aan Val Val Ala He Pro Gly 
180 185 190 

Aan Ala Ser Met Asp Ala Val Cya Thr Ser Thr Sar Pro Thr Arg Ser 

195 200 205 

Met Ala Pro Gly Ala Val Hia Leu Pro Gin Pro Val Ser Thr Arg Ser 
210 215 220 

Gin aia Thr Gin Pro Thr Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser 
225 230 235 240 

Phe Leu Leu Pro Met Gly Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly 
245 250 255 

Asp Phe Ala Leu Pro Val Gly Leu He Val Gly Val Thr Ala Leu Gly 
260 265 270 

Leu Leu He He Gly Val Val Asn Cys Val He Met Thr Gin Val Lys 
275 280 285 

Lys Lys Pro Leu Cys Leu Gin Arg Glu Ala Lys Val Pro His Leu Pro 
290 295 300 
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Ala Aap Lya Ala Arg Gly The Gin Gly Pro Glu Gin Gin Hi3 Leu Leu 
305 310 315 320 

lie Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser 
325 330 335 

Ala Leu Asp Arg Arg Ala Pro Thr Arg Aan Gin Pro Gin Ala Pro Gly 
340 345 350 

Vel Glu Ala Ser Gly Ala Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser 
355 360 365 

Aap Ser Ser Pro Gly Gly His Gly Thr Gin Val Asa Val Thr Cys lie 
370 375 380 

Val Asn Val Cys Ser Ser Ser Aap His Ser Ser Gin Cys Ser Ser Gin 
385 390 395 400 

Ala Ser Sex Thr Met Gly Aap Thr Aap Ser Ser Pro Ser Glu Ser Pro 
405 410 415 

Lvs Aap Glu Gin Val Pro Pha Ser Lya Glu Glu Cya Ala P he Arg Ser 
420 425 430 

Gin Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro 
435 440 445 

Leu Pro Leu Gly Val Pro Aap Ala Gly Met Lya Pro Ser . 
450 455 460 

(2) IHTORMATION FOR SEQ ID NO: 3: 

(i) SBQOENCB CHARACTERISTICS: 

(A) LEHGTH: 3813 base paira 

(B) TYPE: nucleic acid 
fC) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDKA to mRNA 

(iii) HYPOTHETICAL: N 

(iv) ANTI-SEHSE: M 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: mouse 

(B) STRAIN: CS7BL/6 

(6) CELL TYPE: T*helper cell 
(H) CELL LIKE: 7B9 

(vii) IMMEDIATE SOURCE: 

<B) cumi 11 

(ix) FEATURE: 

(A) HAME/KSY: COS 

<B) LOCATION: 55.. 1479 

(D) OTHER INFORMATION: 
(ix) FEATURE: 

(A) NAME/KEY: mat ^peptide 

(B) LOCATION: 55.. 1476 
(D) OTHER INFORMATION: 
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(ix) rCXTURB: 

(A) NAMB/KET: alg^ptide 

(B) tOCXTION: 55..X20 

(D> OTHER INrORMKTION: 

ixL) SSQUtNCE DBSCRIPTION: S£Q ZD NO: 3: 

CGCAGCTGAO GCXCTAGXGC TCCXGGCXCX AGGGCGGGAG CCACCGCTGC CCCT ATG 57 

Met 
1 

GCG CCC GCC GCC CTC TGG GTC GCG CTG GTC TTC GAA CTG CAG CTG TGG 105 
Ala Pro AXa Ala Lau Trp VaX Ala Ii«u Val Phe Glu Lau Gin L«u Trp 
5 10 15 

GCC ACC GOG CAC ACA GTG CCC GCC CAG GTT GTC TTG ACA CCC TAC AAA 153 
Ala Thr Gly His Thr Val Pro Ala Gin Val Val Lau Thr Pro Tyr Lya 
20 25 30 

CCG GAA CCT GGG TAC GAG TGC CAG ATC TCA CAG GAA TAC TAT GAC AGQ 201 
Pro Glu Pro Gly Tyr Glu Cya Gin Xla Sar Gin Glu Tyr Tyr Asp Arg 
35 40 45 

AAG GCT CAG ATG TGC TGT GCT AAG TGT CCT CCT GGC CAA TAT GTG AAA 249 
Lys Ala Gin Mat Cys Cya Ala Lya Cya Pro Pro Gly Gin Tyr Val Lya 
50 55 60 65 

CAT TTC TGC AAC AAG ACC TCG GAC ACC GTG TGT GCG GAC TGT GAG GCA 297 

Hia Pha Cya Aan Lya Thr Sar Asp Thr vaX Cya Ala Aap Cya Glu Ala 
70 75 80 

AGC ATG TAT ACC CAG GTC TGG AAC CAG TTT CGT ACA TGT TTG AGC TGC 345 
Sar Mat Tyr Thr Gin VaX Trp Aan Gin Phe Arg Thr Cya Lau Sar Cya 
85 90 95 

ACT TCT TCC TGT ACC ACT GAC CAG GTG GAG ATC CGC GCC TGC ACT AAA 393 
Sar Sar Sar Cya Thr Thr Aap Gin Val Glu lie Arg Ala Cya Thr Lya 
100 105 110 

CAG CAG AAC CGA GTG TGT GCT TGC GAA GCT GGC AGG TAC TGC GCC TTG 441 
Gin Gin Aan Arg val Cya Ala Cya Glu Ala Gly Arg Tyr Cya Ala Lau 
115 120 125 

AAA ACC CAT TCT GGC AGC TGT CGA CAG TGC ATG AGG CTG AGC AAG TGC 489 
Lya Thr Hia Sar Gly Sar C/a Arg Gla Cya Mat Arg Leu Sar Lya Cy» 
130 135 140 145 

GGC CCT GGC TTC GGA GTG GCC AGT TCA AGA GCC CCA AAT GGA AAT GTG 537 
Gly Pro Gly Phe Gly Val Ala Sar Sar Arg Ala Pro Aan Gly Aan Val 
150 13S 160 

CTA TGC AAG GCCTGTGCCCCAGGGACOTTCTCTGACACCACATCATCC 585 
Lau Cya Lya Ala Cya Ala Pro Gly Thr Phe Sar Aap Thr Thr Sar Sar 
165 170 175 

ACT GAT GTG TGC AGO CCC CAC CGC ATC TGT ACC ATC CTG GCT ATT CCC 633 
Thr Aap Val Cys Arg Pro Hia Arg tie Cya Sar Ila Lau Ala lie Pro 
180 185 190 
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GGA AAT GCA AGC ACA GAT GCA GTC TGT GCG CCC GAG TCC CCA ACT CTA 681 
Gly A«n Ala Sec The Asp Ala VaX Cya Ala Pro GXu Ser Pro Thr Lau 
X9S 200 * 205 



AGT GCC ATC CCA AGG ACA CTC TAC GTA TCT CAG CCA GAG CCC ACA AGA 729 
Sor Ala lie Pro Arg Thr Leu Tyr Val Smr Gin Pro Glu Pro Thr Arg 
210 215 220 225 

TCC CAA CCC CTG GAT CAA GAG CCA GGG CCC AGC CAA ACT CCA AGC ATC 777 
Smt Gin Pro Leu Asp Gin Glu Pro Gly Pro Ser Gin Thr Pro Ser lie 
230 235 240 

CTT ACA TCG TTG GGT TCA ACC CCC ATT ATT GAA CAA AGT ACC AAG G6T 625 
Leu Thr Ser Leu Gly Ser Thr Pro lie He Glu Gin Ser Thr Lys Gly 
245 250 255 

GGC ATC TCT CTT CCA ATT GGT CTG ATT GTT GGA GTG ACA TCA CTG GGT 873 
Gly Zle Ser Leu Pro He Gly Leu He Val Gly Val Thr Ser Leu Gly 
260 265 270 

CTG CTG AT6 TTA GGA CTG GTG AAC TGC ATC ATC CTG GTG CAG AGO AAA 921 
Leu Leu Her Leu Gly Leu Val Asn Cye Xle Zle Leu Val Gin Arg Lye 
275 2S0 285 

AAG AAG CCC TCC TGC CTA CAA AGA GAT GCC AAG GTG CCT CAT GTG CCT 969 
Lye Lys Pro Sex Cya Leu Gin Arg Asp Ala Lys Val Pro His Val Pro 
290 295 300 305 

GAT GAG AAA TCC CAG GAT GCA GTA GGC CTT GAG CAG CAG CAC CTG TTG 1017 
Asp Glu Lys Ser Gin Asp Ala Val Gly Leu Glu Gin Gin His Leu Leu 
310 315 320 

ACC ACA GCA CCC AGT TCC AGC AGC AGC TCC CTA GAG AGC TCA GCC AGC 1065 
Thr Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser 
325 330 335 

GCT GGG GAC CGA AGG GCG CCC CCT GGG GGC CAT CCC CAA GCA AGA GTC 1113 
Ala Gly Asp Arg Arg Ala Pro Pro Gly Gly His Pro Gin Ala Arg Val 
340 345 350 

ATG GCG GAG GCC CAA GGG TTT CAO GAG GCC CGT GCC AGC TCC AGG ATT 1161 
Met Ala Glu Ala Gin Gly Phe Gin Glu Ale Arg Ala Ser Ser Arg He 
355 360 365 

TCA GAT TCT TCC CAC GGA AGC CAC GGG ACC CAC GTC AAC GTC ACC TGC 1209 
Ser Asp Ser Ser His Gly Ser His Gly Thr His Val Asn Val Thr Cys 
370 375 380 385 

ATC GTG AAC GTC TGT AGC AGC TCT GAC CAC AGT TCT CAG TGC TCT TCC 1257 
He Val Asn Val Cys Ser Ser Ser Asp His Ser Ser Gin Cys Ser Ser 
390 395 400 

CAA OCC AGC GCC ACAGT6GGAGACCCAGATGCCAAGCCCTCAG0QTCC 1305 
Gin Ala Ser Ala Thr Val Gly Asp Pro Asp Ala Lys Pro Ser Ala Ser 
405 410 415 

CCA AAG GAT GA9 CAG. GTC CCC TTC TCT CAG GAG GAG TGT CCG TCT CAG 1353 
Pro Lys Asp Glu Gin Val Pro Phe Ser Gin Glu Glu Cye Pro Ser Gin 
420 425 430 
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TCC CCG TGT GAG ACT ACA GAG ACA CTG CAG AGC CAT GAG AAG CCC TTG 140X 
Ser Pro Cya Glu Thr Thr Glu Thr Leu Gin Ser Hia Glu Lya Pr Leu 
435 440 445 

CCC CTT GOT GTG CCG GAT ATG GGC ATG AAG CCC AGC CAA GCT GGC TGG 1449 
Pro Leu Gly V&X Pro Asp Mttt Gly Met Lys Pro S«r GXq Ala Gly Trp 
450 455 460 465 

TTT GAT CAG ATT GCA GTC AAA GTG GCC TGA CCCCTGACAG GGGTAACAOC 1499 
Phe Asp Gin lie Ale Vel Lya Vel Ale 

470 475 

CTGCAAAGOG ACCCCCGA6A CCCTGAACCC ATGGAACTTC ATGACTTTTG CTG«TCCAT 1559 

TTCCCTTAGT GGCTTCCAGA GCCCCAGTTQ CAGGTCAAGT GAGGGCTGAG ACAGCTAGAG 1619 

TGGTCAAAAA CT6CCATGGT GTTTTATGGG GGCAGTCCCA GGAAGTTGTT GCTCTTCCAT 1679 

GACCCCTCTG GATCTCCTGQ GCTCTTGCCT GATTCTTGCT TCTGAGAGGC CCCAGTATTT 1739 

TTTCCTTCTA AGGAGCTAAC ATOCTCTTCC ATGAATAGCA CA GC T C TTCA GCCTGAATGC 1799 

TGACACTGCA GGGCGGTTCC AOCAAGTAGG AGCAAGTGGT GGCCTGGTAG GGCACAGAGO 1859 

COCTTCAGGT TAGTGCTAAA CTCTTAGGAA GTACCCTCTC CAAGCCCACC GAAATTCTTT 1919 

TGATGCAAGA ATCAGAGGCC CCATCAOGCA GAGTTGCTCT GTTATAGGAT GGTAGGGCTG 1979 

TAACTCAGTG GTCCAGTGTG CTTTTAGCAT GCCCTGGGTT TGATOCTCAG CAACACATGC 2039 

AAAACGTAAG TA6ACAGCAG ACAGCAGACA GCACAGCCAG CCCCCTGTGT GGTTTGCAGC 2099 

CTCTGC C TTT GACTTTTACT CTGGTGGGCA CACAGAGGGC TGGAGCTCCT CCTCCTGACC 2159 

TTCTAATGAG CCCTTCCAAG GCCACGCCTT CCTTCAGGGA ATCTCAGGGA CTGTAGAGTT 2219 

CCCAGGCCCC TGCAGCCACC TGTCTCTTCC TACCTCAGCC TGGAGCACTC CCTCTAACTC 2279 

CCCAACGGCT TGGTACTGTA CTTGCTGTGA CCCCAACGTO CATTQTCCGG GTTAGGCACT 2339 

6T6AGTTOGA ACAGCTCATG ACATCGGTTG AAAGGCCCAC CCGGAAACAG CTAAGCCAGC 2399 

T C TTTTGCCA AAGGATTCAT GCCGGTTTTC TAATCAACCT GC T CC CTAGC ATTGCCTGGA 2459 

AGGAAAOGGT TCAGGA6ACT CCTCAAGAAG CAAGTTCAGT CTCAGGTGCT TGGATGCCAT 2519 

GCTCACCGAT TCCACTGGAT ATGAACTTG6 CAGAGGAGCC TAGTTGTTGC CATGGAGACT 2579 

TAAA6AGCTC AGCACTCTGG AATCAAGATA CTGGACACTT GGGGCCGACT TGTtAAGGCT 2639 

CTGCAOCATC AGACTGTAGA GQGGAAGGAA CACQTCTGCC CCCT G GTGGC CC6TCCTG06 2699 

AT GA CCTCG3 GCCTCCTAGG CAACAAAAGA ATGAATTGGA AAGGAT6TTC CT G GGTGTG Q 2759 

CCTAOCTCCT G TG C TT G TGT GGATCCCTAA AGGGTGTGCT AAGGAOCAAT TGCACTGT6T 2819 

GCTGGACAGA ATTCCTGCTT ATAAATGCTT TTT GY T G TTG TTTTGTACAC TGAGCCCTGG 2879 

CTGA6CCACC CCACCCCACC TCCCATCCCA GCTTTACAOG CCACTCTTGC ATGAOAACCT 2939 

GOCTGTCTCC CACTTGTAGC CTGTGGATGC TGAGGAAACA CCCAGCCAAG TAGACTCCAG 2999 

GCTTGCCCCT ATCTCCTGCT ATGAGTCTGG CCTCCTCATT GTGTTGTGGG AAG6AGACG0 3059 
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GTTCTGTCAT 


CTCGGAACGC 


CCACACCGTG 


GATGTGAACA ATGGCTGTAC TAGCTTAGAC 


3119 


CAGCTTAGG6 


CTCTGCATAT 


CACAGQAGGG 


GGAGCAGGGA ACAATTTGAG TGCTGACCTA 


3179 


TAXCACAGTt 


CCTAAAGGAt 


CGGGCAGTCC 


AGAATCTCCT CCTTCAGTGT GTGTGTGTGT 


3239 


GTGTGTGTGT 


QTGTGTGTGT 


GTGTGTGTGT 


CCATGTTTGC ArGTATGTGT GTGCCAGTGT 


3299 


GTGGAGGCCC 


GAGGTTGGCT 


TTGGGTGTGT 


TTGATCACTC TCCAGTTACT GAGGCGGGCT 


33S9 


CTCATCTGTA 


CCCAGAGCTT 


GCACATTTTC 


TAGTCtAACT TGATTCAGOG AtCTCTGTCT 


3419 


GCCTATGGAG 


GTGCTCAGGT 


TACAGGCAGG 


CTGCCATACC TGCCCGACAT TTACATGAAr 


3479 


ACTAGAGXTC 


TGAATTCTGG 


TCCTCACACT 


TGTATACCTG CAXTTTATCC ACTAAGACAT 


3539 


CTC7CCAAG6 


GCTCCCCCTT 


CCTATTTAAT 


AAGTTAGTTT TGAACTGGCA AGATGQCTCA 


3599 


GTGGGTAAGG 


CAGTTTGCGG 


ACAAACCTGA 


TGACCTGAGT TGGATCCCTG ACCATAAGGT 


3659 


AGlUGAttCC 


TGATTCCTGC 


AAGTTGICCT 


CTQACCACCA CCCCATACAT GCTTCTGCAT 


3719 


ATGTGaCAC 


ATCACATTCT 


TGCACACACA 


CTCACATACC ATAAATGtAA TAAATTTTTT 


3779 


TAAXTAAATT 


GATTTTATCT 


TTTAAAAAAA 


AAAA 


3813 


(2) ZNFORKaTIOM FOR SEQ ID HO: 4: 







(i) SSQOBHCB CBARACTERZSTICS: 

(A) LSNGTH: 475 Amino aeidfl 
(B> TYPB; amino acid 
(D) TOPOLOGY: linaar 

(ii) MOLECULE TyPB: protain 

(zi) SEQUEKCE DESCRIPTION: SEQ 10 NO: 4: 

Met Ala Pro Ala Ala Leu Trp Val Ala Lea Val Phe Glu Lau Gin Lau 
1 5 10 15 

Tzp Ala Thr Gly His The Val Pro Ala Gin Val Val Leu Thr Pro Tyr 
20 25 30 

Lys Pro Glu Pro Gly Tyr GXu Cya Gin He Ser Gin Gla Tyr Tyr Asp 
35 40 45 

Arg Lys Ala Gin Met Cya Cys Ala Lys Cya Pro Pro Gly Gin Tyr Val 
50 55 60 

Lys Bla Phe Cys Aan Lya Thr Ser Aap Thr Val Cys Ala Asp Cys Olu 
65 70 75 80 

Ala Ser Met Tyr Thr Gin Val Trp Aan Gin Phe Krg Thr Cya Leu Ser 
85 90 95 

Cys Ser Ser Ser Cys Thr Thr Asp Gin Val Glu He Arg Ala Cys Thr 

100 105 110 

Lys Gin Gin Asn Arg Val Cys Ala Cys Glu Ala Gly Arg Tyr Cys Ala 
115 120 125 
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lieu Lya thr His Ser Gly Ser Cya Xrg Gin Cys Met Xrg Leu Ser Lys 
130 135 140 



Cys Gly Pro Gly Phe Gly Val Ala Ser Ser Arg Ala Pro Asn Gly Asn 
145 150 155 160 

Val Leu Cya Lys Ala Cya Ala Pro Gly Thr Phe Ser Asp Thr Thr Ser 
165 170 175 

Ser Thr Asp Val Cya ktg Pro Hid Arg lie Cys Ser lie Leu Ala lie 
180 IBS 190 

Pro Gly Asn Ale Ser Thr Asp Ala Val Cya Ala Pro Glu Ser Pro Thr 
195 200 205 

Leu Ser Ala lie Pro Arg Thr Leu Tyr Val Ser Gin Pro Glu Pro Thr 
210 215 220 

Arg Ser Gin Pro Leu Aap Gin Glu Pro Gly Pro Ser Gin Thr Pro Ser 
225 230 235 240 

lie Leu Thr Ser Leu Gly Ser Thr Pro He He Glu Gin Ser Thr Lys 
245 250 255 

Gly Gly He Ser Leu Pro lie Gly Leu He Val Gly Val Thr Ser Leu 
260 265 270 

Gly Leu Leu Met Leu Gly Leu val Aan Cya He He Leu val Gin Arg 
275 280 285 

Lys Lys Lys Pro Ser Cya Leu Gin Arg Aap Ala Lys VaX Pro His val 
290 295 300 

Pro Aap Glu Lys S«r Gin Asp Ala Val Gly Leu Glu Gin Gin ais Leu 

305 310 315 320 

Leu Thr Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala 

325 330 335 

Ser Ala Gly Asp Arg Arg Ala Pro Pro Gly Gly His Pro Gin Ala Arg 
340 345 350 

Val Met Ala Glu Ala Gin Gly Phe Gin Glu Ala Arg Ala Ser Ser Arg 
355 360 365 

He Ser Aap Ser Ser His Gly Ser His Gly Thr His Val Asn Val Thr 
370 375 380 

Cya He Val Asn Val Cys Ser Ser Ser Aap His Ser Ser Gin Cys Ser 
385 390 395 400 



Ser Gin Ale Ser Ala Thr Val Gly Asp Pro Asp Ala Lys Pro Ser Ala 
405 410 415 

Ser Pro Lys Asp Glu Gin Val Pro Phe Ser Gin Glu Glu C/s Pro S«r 
420 425 430 

Gin Ser Pro Cys Glu Thr Thr Glu Thr Leu Gin Ser His Glu Lys Pro 
435 440 445 

Leu Pro Leu Gly Val Pro Asp Met Gly Met Ly Pro Ser Gin Ala Gly 
450 455 460 
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Trp Phe Asp Oln Zltt Ala Val Ly9 Val Ala 
465 470 • 475 
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B«n<F4t 



BiIMP<SA2tS 



K8I I BtfHF^iltS 



^ 1 I M«nV4 
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AT6 GCG CCC 6TC GCC GTC TG6 GCC GCS CTQ GCC GtC G» CTG 0^6 
Mt AlA Pro VaX Ala VaX Trp AXa Ala Leu Ala VaX Gly Lau GXu 



Lau Trp Ala Ala Ala His Ala 2au Pro kla Gin val Ala Fha Thr 



GCC TAC GCC ceo GAG CCC GGO AGO ACA'TGC CGG CTC AGA GAA TAG 
Pro TfT Ala Pro Gla Pro Gly Sor Thr Cya Arg imu Arg Olu Tyr 

TATGACCAGACAGCTCAGATGTOCTGCAGCAAATOCTCQCCOGGC 
Tyr Aap Ola Thr Ala Gin Hat Cy« Cya Sar Lya Cya Sar Pro Gly 

CAA CAT GCA AAA GTC TTC TOT ACC AA6 ACC TOG GAC ACC GTG TGT 
Gin Hia Ala Lya Val Pha Cya Thr Lys Thr Sar Asp Thr Val Cys 

GACTCCTGTGAGGACAGCACATACACCCAGCTCTGGAACTGOGTT 
Aap Sar Cya Glu Asp Sar Thr Tyr Thr Gin Lau Trp Asn Trp Val 

CCCGAOTGCTTGAGCTOTGGCTCCCGCTGTAGCTCTQACCAOGTG 
Pro Glu Cys Lau- Sar Cy» Gly Sar Arg Cya Sar Sar Aap Gin val 

GAA ACT CAA GCC TGC ACT COO GAA CAO AAC COC ATC TGC ACC TGC 
Glu Thr Gin Ala Pya Thr Arg Glu Gin Aan Arg Zla Cys Thr Cya 

AGO CCC GOC TGG TAC TGC GC6 CTG AGC AAG CA6 GAG GGG TGC CGG 
Arg Pro Gly Trp Tyr Cys Ala Uu Sar Lys Gin Glu Gly Cya Arg 

CTG TGC GCG CCGCTGCGCAAOTOCCGCCCGGGCTTCGGCGTGGCC 
Lau Cya Ala Pro Uu Arg Lya Cya Arg Pro Gly Pha Gly Val Ala 

AGA CCA GGA ACT GAA ACA TCA GAC GTG GTG TGC AAG CCC TGT GCC 
Arg Pro Gly Thr Glu Thr Sar Asp val val Cya Lys Pro Cys^Ala 

OCG GGG ACG TTC TCC AAC ACO ACT TCA TCC ACQ GAT ATT TGC AGO 
Pro Gly Thr Pha Sar Asn Thr Thr Sor Sar Thr Aap Ila Cya Arg 

CCC CAC CAG ATC TGT AAC GTG GTG GOC ATC CCT GGG AAT GCA ACC 
Pro aia Gin Ila Cya Aan Val Val Ala Ila Pro Gly Asn Ala Sar 

XfSvfiAT GCAGTCTOCACGTCCACOTCCCCCACCCGOAGTATGGCC 



CCA GOG GCA GIA CAC TTA OCC CAO CCA GTG TCC ACA CGA TCC CAA 
Pro Gly Ala Val Hia Lau Pro Gin Pro Val Sar Thr Arg Sar Gin 

CACAOOCAOOCAACTOCAGAACOCAOCACTGCTCCAAGCACCTCC 
Bia Thr Gin Pro Thr Pro Glu Pro Sor Thr Ala Pro Sar Thr Sar 

TTCCTOCTCCCAATOGGCCCCAOCCCCCCAGCTGAAGGOAGCACT 
Pha Lau Lau Pro Mat Gly Pro Sar Pro Pro Ala Glu Gly Sar Thr 

GOC GAC TTC OCT CTT CCA GTT GGA CTO ATT GTG GOT GTG ACA GCC 

Gly Asp ^1, Prn Yr^ '^^y ^^'^ 



28 

87 

132 
•8 

17-7 
8 

222 
23 

267 
38 

312 
S3 

3S7 
68 

402 
83 

447 

98 

492 

113 

537 
128 

582 
143 

627 
158 

672 
173 

717 
188 

762 
203 

807 
218 

852 
233 

897 
248 
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Tinn ?^ 

TTG GOT CTA CTA AXA ATA GGA Gtd GTG AAC TGT GtC ATC AtO ACC 942 
LmM Glv t^ti L#a Tim Tim Gly Val VaI a*^ ryt V»l Tl> M>» Th,> 263 



CA6 


GTG 


AAA 


AAG 


MG 


CCC 


TTG 


TGC 


CTG 


CAG 


AGA 


GAA 


GCC 


AAG 


GTG 


987 


Gin. 


"J *• 




Lva 


Pro 


liau 


Cva 


1«aa 


Gin 


Axa 


Glu 


Ala 


Lva 
4* J a 




27B 

m t 9 


CwT 


CAC 


TTG 


CCT 


GCC 


GAT 


AAG 


GCC 


CGG 


GGT 


ACA 


CAG 


GGC 


CCC 


GAG 


1032 


Pro 


Hi8 




* cw 




Aap 


Lya 


Axa 


Arg 


uxy 


xnr 


/SI n 


vxy 


rro 


Glu 


293 


CAO 


CAG 


CAC 


CTG 


CTG 


ATC 


ACA 


GCG 


CCG 


AGC 


TCC 


AGC 


AGC 


AGC 


TCC 


1077 


Gin 


Gin 


ii<i « 






ixa 


XnT 


Axa 


Pro 


Sar 


Sar 


Sar 


Sar 


Sar 


Sar 


308 


CTG 


GAG 


AGC 


TCG 


GCC 


AGT 


GOG 


TTG 


GAC 


AGA 


AGG 


GCG 


CCC 


ACT 


CGG 


1122 




Olu 




sax 


Axa 


«ar 


Axa 


Lau 


Aap 


Arg 


Arg 


Ala 


Pro 


Thr 


Arg 


323 


AAC 


CAG 


CCA 


CAG 


GCA 


CCA 


GGC 


GTG 


GAG 


GCC 


AGT 


GGG 


GCC 


GGG 


GAG 


1167 


Aan 


Gin 




uxn 


AXA 


rro 


Giy 


vai 


Glu 


Ala 


sar 


Gly 


Ala 


Gly 


Glu 


338 


GCC 


CGG 


GCC 


AGC 


ACC 


GGG 


AGC 


TCA 


GAT 


TCT 


TCC 


CCT 


GGT 


GGC 


CAT 


1212 


Ala 


Arg 


Ala 


sar 


Tnr 


wiy 


sar 


sar 


Asp 


Sar 


Sar 


Pro 


Gly 


Gly 


Hia 


353 


OGO 


ACC 


CAG 


GTC 


AAt 


GTC 


ACC 


TGC 


ATC 


GTG 


AAC 


GTC 


TGT 


AGC 


AGC 


1257 


Gly 


Thr 


Gin 


Val 


Aan 


Val 


Thr 


Cya 


tla 


Val 


Aan 


Val 


Cya 


Sar 


Sar 


368 


TCT 


GAC 


CAC 


AGC 


TCA 


CAG 


TGC 


TCC 


TCC 


CAA 


GCC 


AGC 


TCC 


ACA 


ATG 


1302 


S«r 


Asp 


Hia 


Sar 


Sar 


Gin 


Cya 


Sar 


Sar 


Gin 


Ala 


Sar 


Sar 


Thr 


Mat 


383 


GGA 


GAC 


ACA 


GAT 


TCC 


AGC 


CCC 


TCG 


GAG 


TCC 


CCG 


AAG 


GAC 


GAG 


CAG 


1347 


Gly 




Thr 


A3P 


Sar 


Sar 


Pro 


Sar 


Glu 


Sar 


Pro 


tys 


ASP 


Glu 


Gin 


398 


GTC 


ccc 


TTC 


TCC 


AAG 


GAG 


GAA 


TGT 


GCC 


TTT 


COG 


TCA 


CAG 


CTG 


GAG 


1392 


Val 


Fro 


Ph* 


Sar 


Lys 


Glu 


Glu 


Cya 


Ala 


Pha 


Arg 


Sar 


Gin 


Lau 


Glu 


413 


AC6 


CCA 


GAG 


ACC 


CTG 


CTG 


GGG 


AGC 


ACC 


GAA 


GAG 


AAG 


CCC 


CTG 


CCC 


1437 


Thr 


Pro 


Glu 


Thr 




Laa 


Gly 


Sar 


Thr 


Glu 


Glu 


Lya 


Pro 


Lau 


Pro 


428 


CTT 


GGA 


GTG 


CCT 


GAT 


GCT 


GGG 


ATO 


AAG 


CCC 


AGT 










1470 


X««tt 


Gly 


val 


Pro 


Asp 


Ala 


Gly 


Mat 




Pro 


Sar 










439 



TAACCAGGCCGGTGTGGGCT GT GTCQTAGCCAAGGTGGGCTGAGCCCTGGCAGGATGAC 



CCTGCGAAGGGGCCCTGGTCCTTCCAGGOCCCCACCACTAGGACTCTGAGGCTCTTTCT 
GGGCC A AGT T CC TC T AQTGCCCTCCACAGCCGCAGCCTCCCTCTGACCTGCAG « • . 
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CGCAGCTGAGGCACTAGXGCTCC 23 

AGCKatCXAGCXKISGGGW^CCACCCKZTGCCCCT ATG GCG CCC GCC QCC CTC TGG 75 

mt Ala ?ro Ala Ala Lau Trp -16 

GTC GCG CT6 GtC ttC GAA CTG CA6 CTQ TGG GCC ACC GC50 CAC ACA 120 

Val Ala Lau Val Pha Glu Uu Gla Lau Tip Ala thz Gly Hia Thr -1 

GIG OCC GCC GAG GTT GTC TTG ACA CCC TAG AAA CCG GAA CCT GGG 165 

ZaI Pro Ala Gla Val Val Uu Thr Pro Tyr Lya Pro Glu Pro Gly IS 

TAG (SAO TGC CAG ATC TCA CAG GAA TAC TAT GAC AGG AAG GCT CAG 210 

Tyr Gla Cya Gin Xla Sar Gin Glu Tyr Tyr Aap Arg Lya Ala Gin 30 

ATG TGC TGT GCT AAG TGT CCT CCT GGC CAA TAT GTG AAA CAT TTC 2SS 

Mat Cya Cy< Ala Lya Cya Pro Pro Gly Gin Tyr Val Lya Hia Pha 45 

TGC AAC AAG ACC TCO GAC ACC GTG TGT GCG GAC TGT GAG GCA AGC 300 

Cys Aan Lya Thr Sar Aap Thr Val Cya Ala Aap Cys Glu Ala Sar 60 

ATG TAT ACC CAG GTC TGG AAC CAG TTT CGT ACA TGT TTG AGC TGC 345 

Hat Tyr Thr Gin Val Trp Aan Gin Pha Arg Thr Cya Lau Sar Cys 75 

AGT TCT TCC TGT ACC ACT GAC CAG GTG GAG ATC CGC GCC TGC ACT 390 

Sar Sar Sar Cya Thr Thr Aap Gin Val Glu Xla Arg Ala Cya Thr 90 

AAA CA6CAGAACCGAGTGTGTGCTTGC GAA GCT GGC AGG TAC TgC 435 

Lya Gin Gin Aan Arg Val Cya Ala Cya Glu Ala Gly Arg Tyr Cy« 105 

GCC TTG AAA ACC CAT TCT GGC AGC TGT CGA CAG TGC ATG AGG CTG 480 

Ala Lau Lya Thr Hia Sar Gly Sar Cya Arg Gin Cy* M»t Arg Lau 120 

AGC AAG TGC GGC OCT GGC TTC GGA GTG GCC AGT TCA A6A GCC CCA 525 

Sar Lya Cya Gly Pro Gly Pha Gly Val Ala Sar Sar Arg Ala Pro 135 

AAT GGA AAT GTG CTA TGC AAG GCC TGT GCC CCA GGG ACG TTC TCT 570 

Aan Gly Aan Val Lau Cya Lya Ala Cya Ala Pro Gly Thr Pha Sar 150 

GAC ACC ACA TCA TCC ACT GAT GTG TGC AGG CCC CAC CCC ATC TGT 615 

Aap Thr Thr Sar Sar Thr Aap val Cya Arg Pro Hia Arg Xla Cys 165 

AGC ATC CTG GCT ATT CCC GGA AAT GCA AGC ACA Q&T GCA GTC TGT 660 

Sar Xla Lau Ala Xla Pro Gly Aan Ala Sar Thr Aap Ala val Cys 180 

GCG CCC GAG TCC CCA ACT CTA AGT GCC ATC CCA AGO ACA CTC TAC 70S 

Ala Pro Glu Sar Pro Thr Lau Sar Ala Xla Pro Arg Thr Lau Tyr 195 

GTATCTCAGCCAGAGCCeACAAGATCCCAACCCCTGGATCAAGAQ 750 

val Sar Gla Pro Glu Pro Thr Arg Sar Gin Pro Lau Aap Gin Glu 210 

CCAGOOCOCAGCCAAACrCCAAfiCATCCTyACATCOTTOGGTTCA 79S 

Pro Gly Pro Sar Gin Thr Pro Sar Xla Lau Thr Sar Lau Gly Sar 225 

ACC ere ATT ATT GAA CAA AGT ACC AAG GOT GGC ATC TCT CTT CCA 840 

Thr Pro Xla Xla Glu Gla Sar Thr ty^ ar^ fttv n> lau Pro 240 

ATT GOT CTG ATT GTT GOA GTG ACA TCA CTG GOT CTG CTG ATG TTA 885 

Tt> Qly t^t. T\m. V>1 fily t/nl g*- T^ti T^ii Mat. Lau 255 
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AAG 


AAG 

X*y 9 


CCC 
rCO 


930 


CCT 
Fro 


OAT 
Aap 


GAG 
Gltt 


975 
285 


CTG 
L«tt 


TT6 

Lau 


ACC 
Thr 


1020 
300 


TCA 
S«r 


OCC 
Ala 


AGC 
Sac 


1065 
315 


CAA 

Ola 


OCA 
Ala 


AGA 
Arg 


1110 
330 


OCC 
Ala 


AGO 
Sar 


TCC 
Sar 


1155 
345 


CAC 
Hla 


GTC 
Val 


AAC 
Aan 


1200 
360 


CAC 
His 


ACT 
Sar 


TCT 
Sar 


1245 
375 


CCA 
Fro 


GAT 
Aap 


OCC 
Ala 


1290 
390 


TTC 

Pb« 


TCT 
$ax 


CAG 
Gin 


409 


Gltt 


ACA 
Thr 


CTG 
Lau 


1380 
420 


OAT 
Asp 


ATG 
Mat 


GGC 
Gly 


1425 
435 


GOl 
Ala 


GTC 
Val 


AAA 
Lya 


1470 
450 

1476 
452 



GTG OCC 
Val Ala 



TGACCCCTOACAOGGGTA A CA CCC TGCA AA GGGACCCCCGAG A CCCTQAACCCATQGAAC 1536 

TTCATQACTTTTGCTGGATCCATTTCOCTTAOTGOCTTOCAGAGCCCCAOTTOCAGGTCA 1596 

AQTQAQQGCTQAaACAGCTAGAOTGGTCAAAAACTOCC A T GG T G TTTT A TQQGGQCAGTC 1656 

CaM»AAO TT GTTGCTC TTC CATGACOCC TCTGGATCTCCTGGGCTCTTQCCTGATTCTT 1716 

OCTTCTOMAfiQCCCCAfiTATTTTITCXlTCIAAflOAGCgAACATCCTCTTOCATGAATA 1776 

GCACMCTCgTCACCCTGAATOCTGACACTGCA G G G C GO TT CCA OCAAC tA QQAQC A AOT 1836 

lAOQAAGTACCCT 1896 

MTCt»l'<SATGCAAGAATCA9AGGCCCCATCAGGCAGA0TT0C 1956 

TCTOT TATaGOATGOTAGQGCTOtAACTCAgTGQTCCAgT G I GC r IT T A OCATGCCCTGO 2016 

GTTTGATOCTauaCAACACATGC AAAACG IAAO TA GAC A OC A O A CAGC A fl ACA GCaCAGC 2076 

C a^BC OCC CTO T a TO O TT roa UgOCTCTG CC X tlGACI lT'i aC TCT G qiO G gbi^^ 2136 

GW TOOAOCTCCTCCTC C tGACCTTCTAATGA GCCC TTCC AA OQCC ^ 2196 

GOCTOGA C C Ac TCCCTCTAACTC CC CAACGqCTTGGTACTOTA CtTGC TQTGACCOCAAC 2316 

GTQCATTQTCCOGGTTAGOCACTGTGAOTTGGAACAGCTcATQACATCOGTTGAAAGGCC 2376 

C A CCCG GAAACAGCTAAOOCA GC T C TTTT GC CAAAGGATTCATGCCGCTTTTCTAATCAa 2436 

CCT GC TOO C TAQCATTGCCTGGAAGQAAAGGQTTCAGGAGACTCCTCAAGAAGCAAGTTC 2496 

AGTCTCAGGT G CTTGGATGCCATGCTCACCGATTCCACTGGATATGAACTTGGCAGAGGA 2556 
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aXXJUnTGTTGCCATG»6>kCTTJUUl«a:TC*GCACTCTGGAATC\*» 2616 

cmaisG(XGidaTmhtiGiB^^ "76 

GCCCCCTGatGGCCCGT<XT GG G\tGilCCTCG06CCtCCTAGGCAACAAAXG^TG*ATT 2736 

«aUUU»»TGIICCXGaSTGT«SCCtJUKICCTGT««GTG "96 

GCTXACCX«aUlTTGaiCtGTGTGCT G GACAG»XCT a ;t(iCTTAtA*ATGC'n''lllttlTQ 2856 

TtOTTTtCttOUaGMCCCtCGCTGAaCXCCCCM^ 

MBccMCxertGcxtQiJBiMa^^ nil 

XttOWatOTOOBUkgGWaiCGGGtlCIGICXICTC^ 3096 

ACJUtOGCt8tAC»GCtT*S»CagCITM<aSCTCT0CAtAICAC»fiGA0^ 3156 

C«a : rt C^^ IUIttTGT O TOr&WxH»IUiat ft I U TUrGTOt G TGtGT b W tGIOC MOCT 3276 

T(aAT(«J tfG t O T O IG O C A CTCTGtGGaU»CCOCJ>6GTTGGCTtTG0>.TQtQTITat^ 3336 

ACC raTP» r3> T TT*r*'wautTJtCTaOMUTCrGAAtTCtGGtCCTC>C»^^ 
CWC*tTriAlCC»CtJUUSAOtCTCICC»AGGGCTC^ 

ACTtOQXICCCTGACCAtJUMiCTAeJUUSAaCCKaiT^^ 3696 

CC»CCCC3lWUatGCTTCtGCAtAtGtGC»CAC\tCACXTTCTTG^ 3756 

ACCAtAAAtGIAAtAAATTtrtTTAAAtAAArrOATTTTATCtTttAAAAAAAAAAA 3813 
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